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MHOOPMALUUA ANA YHACTHUKOB

KoHgepeHuna nposoautca NHCTUTYTOM HayKOEMKMX TEXHOMOMMM M HOBbIX
maTepuanoB MIY nm. H. . Orapésa B nepvog ¢ 24 no 27 ceHtabpsa 2024 roga.

[Mporpammon KoHepeHLMn NpeayCMOTPEHbI:
e 0630pHble JOKNaabl-NEeKUUn BegyLMX Y4eHbIX No TeMaTuke KoHepeHLnu;
e BbICTYNMEHNSA YH4ACTHUKOB KOH(PEPEHLMM C YCTHBIMU U CTEHAOBLIMU OKagamMu.

OprkoMmmnTeTOoM YyCTaHOBMEHa creywasa npoaoSKUTENbHOCTL [AOKNag0B:
nekunun — 45 MuH., npurnaweHHole goknaabl - 30 MUH, YCTHble coobLeHnsa — 15 MUH.

[nsa gemMoHCcTpauum UnnCcTpaTUBHLIX MaTepuanoB nekTopam 1 goknagvymkam
OyaoyT npegocTaBrieHbl CpeacTBa BM3yanbHOW M KOMMbIOTEPHOM Mpe3eHTauuun. B
nocrniegHeM cnyyae nHdopmMauusa AosmkHa O6biTb NOAIOTOBMIEHA B 3NIEKTPOHHOM BuAe
¢ nomowbto Microsoft Power Point unn B Buae rpadudeckux annos: .jpg, .tif, .omp.

Pasmepbl WMTOB ONS pasMelleHnsa cTeHaoBbix AoknagoB — 90x120 cwm
(wwnpwuHa, BbICOTA).

PETMCTPALMUA yyacTHMKOB KOHGepeHUMn ByaeT npoBoauTbCs 23 ceHTAOpSA
c 15.00 go 18.00, 24 ceHTa6psa ¢ 8.00 go 12.00 B xonne VHCTUTYTa HauMOHarbHON
KynbTypbl MI'Y nm. H.M. Orapésa (r. CapaHck, lNonexaesa, 44/3).

O epemeHu npubbimusi e CapaHck npocum 3abnazoepemMeHHO
coobwumb no 23sekmpoHHOU noyme: Vvnksh.secretary@mrsu.ru uau
mnksh@yandex.ru. Mpu Hanu4yuu makou uHghopmayuu op2komumemom 6ydem
op2aHu30eaHa ecmpevya y4aCmMHUKO8 KOHghepeHyuu rno mecmy npubbimusi e
nrboe epeMsi Cymok.

KOHTAKTHAA MHO®OPMALUA

Appec: 430000, r. CapaHck, yn. bonbLueBuctckas, 68a,
MIY um. H. . Orapésa, MHTHM

Ten./cpakc: (8342) 24-24-44

E-mail: mnksh@yandex.ru, vnksh.secretary@mrsu.ru

XpywanuHa CeeTtnaHa AnekcaHapoBHa

https://vnksh.mrsu.ru/
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MEXXOYHAPOOQHOWU HAYYHOWU KOH®EPEHLMU-LLKONbI
«MATEPUATIbI HAHO-, MUKPO-, ONTO3NEKTPOHUKN U BOJTOKOHHOW
ONTUKWN: PUSNYECKUE CBOUCTBA U MPUMEHEHUE»

CapaHck, 24-27 ceHTabpsa 2024 r.

ConpepacepaTtenu KOH(epeHUNU-LLKONbI:

U. A. LLlepb6akoB akagemuk PAH, HayuyHbin pykoBoautens MHCTUTYTa o6Lien domsnkm
um. A.M. lNMpoxoposa PAH

M.®. Yypb6aHoB — akagemuk PAH, Hay4Hbin pykosoguTens MHCTUTYTa XumMum
BbICOKOYMCTbIX Bellects PAH

OpraHn3aumMoHHbIA KOMUTET:

O.E. Mywko — pektop MI'Y nm. H. . Orapésa, npeacenarens
K.H. Hnwes — ampektop MOX MI'Y nm. H. IN. Orapéra, 3amectuternb
npeacegatens

C.A. XpywianuHa — y4eHblln cekpeTapb

MporpaMMHbIN KOMUTET
M.A. Pa6o4knHa — O..-M.H., MI'Y nm. H.T1. Orapéea, CapaHck, Poccus, npeaocenarens;
H.C. ABepkueB - A.0.-M.H., PTU nm. A.®. Modhbde PAH, C.-lMeTepbypr, Poccus;
M.B. [lopoxuH — A.d.-M.H., HHI'Y um. H.U. Jlo6ayesckoro, HwkHun HoBropopg, Poccus;
K.H. EnbuoB — A.d.-M.H., MODPPAH, Mockea, Poccus;
E.B. XKapukoB — A.T.H., PXTY nm. .. Menpeneesa, Mockea, Poccus;
Mn.r. 3eepes — A.d.-Mm.H., MODPPAH, Mockea, Poccus;
A.M. 3103uH — 0.d.-M.H., MI'Y nm. H.IN. Orapéea, CapaHck, Poccus;
E.E. JlomoHOBa — A.7.H., NOPPAH, Mockea, Poccus;
I.E. ManawkeBn4y — a.d.-M.H., HcTuTyT cpmsmkm um. 6.U. CtenaHosa HAH

Pecny6nuku benapycb, MunHck, benapyce;
K.H. HnweB = K.(p.-M.H., M"Y um. H.T. Orapéea, CapaHck, Poccus;
M.H. lNonoBa — O.0.-M.H., MHcTntyT cnektpockonum PAH, Mocksa, Poccus;
B.B. Cemawko — 0.d.-M.H., KasaHckun (MpuBormxkckun) doeaepanbHbii YHUBEPCUTET,
KasaHb, Poccus;

C.J1. CemeHoB — a.d.-m.H., HUBO um. E.M. luaHosa PAH, Mocksa, Poccus;
I.C. CokonoBckun —a.d.-M.H., DTN um. A.®. Modbde PAH, C.-IMeTepbypr, Poccus;
C.A. TapaceHKo - yneH-kop. PAH, ®TU nm. A.®. Nodde PAH, C.-lNeTtepbypr, Poccus;
MN.MN. ®epgopos — A.X.H., MO®PPAH, Mockea, Poccus;
E.B. YynpyHoB = A.d.-M.H., HHI'Y um. H.L. Jlo6ayesckoro, HwkHun Hoeropopg, Poccus;
A.C. Cefalas — Ph.D., National Hellenic Research Foundation, Athens, Greece.

Pa6ou4as rpynna

T.B. BonkoBa A.O. Ap1cCKnH A.C. bukeeB
N.H. EBTeera B.A. KovelukoBa O.A. CkeopLoB
E.H. IlloToBa A.[l. TapaTbiHOBa H.O. LWa6bpos
E.l. TpamkuHa E.M. bysaeBa A.M. >)Kamkos
H.B. MownceeB [.A. Mopo3soB A.C. Anekceesa



NMPOrPAMMA-TrPA®UK KOHO®EPEHLUMU-LLKOJbI
24 ceHTA6pA 2024, BTOPHUK

13:00-13:30 | OTKPbITUE KOH®EPEHLIUA

A.E. Mywko, pekmop MI'Y um. H. 1. Ozcapéea, npedcedamerib
OpezaHu3ayuoHHO20 KoMumema

13:30-15:45 NNEHAPHOE 3ACEOAHUE
lpedcedamernsb:
0.¢p.-M.H., npogp. I1.A. Pabo4KkuHa

13:30-14:15 | 4.P. Xoxnos

Mockosckuti 2ocydapcmeeHHbIl yHusepcumem um. M.B. JlomoHocosa, Mockea
KUPAJIbHAS HEJIOKAJIbHAST ®OTOINPOBOAUMOCTD B CTPYKTYPAX
HA OCHOBE TOIl10JIOrMYECKOU ®A3bl HgCdTe

14:15-15:00 | C.A. TapaceHko
OTU um. A.@. Uogpgpe PAH, C.-llemepbype
OlNTUYECKUE CBOUNCTBA 3AKPYYEHHbBIX ®OTOHHbIX CTPYKTYP

15:00-15:45 | A.M. KanawHukoea
OTU um. A.@. Uopgpe PAH, C.-lNlemepbype
OlNTOMAIrHOHUKA

15:45-16:00 NEPEPbIB

16:00-18:15 NNEHAPHOE 3ACEOAHUE
lNpedcedamens:
qyneH-kop. PAH C.A. TapaceHko

16:00-16:45 | U.A. Byghemoe

HLIBO PAH, Mockea

FA30PA3PSIHbIE JIA3EPbI HA BOJIOKOHHbIX CBETOBOLAX
C 10J10M CEPLIEBUHOU

16:45-17:30 | H.B. HukoHopoe

YHusepcumem UTMO, C.-llemepbype

MHOIO®YHKLNOHAJIbHBIE ®OTO-TEPMO-PE®PAKTUBHBIE CTEKIJIA
AJiA SAAY ®OTOHUKU: UCTOPUA, CBOUCTBA, TEXHOJII0MMU

U NNPUMEHEHWA

17:30-18:15 | M.C. [lyHaeeckul

OTU um. A.®. Uopgpe PAH, C.-llemepbype

CKAHN3YIOUAA 30HOBAS JINTOIPA®UA [J1A NPUTOTOBJIEHUA
OlNTUHYECKNX PE3SOHATOPOB

18:30 NMPUBETCTBEHHbLIU Y)XUH




25 ceHTAGpA 2024, cpena

9:00-10:30 JIEKLUUU
llpedcedamerns: YyneH-kop. PAH C.A. TapaceHkKo
9:00-9:45 H.C. Aeepkuee
OTU um. A.®. Nogbgbe PAH, C.-lemepbype
r'11YBOKUE AKLENTOPHBIE NMPUMECHU B GaAs
9:45-10:30 | B.B. nywkoe
UHecmumym obuwiel cpusuku um. A.M. lNpoxoposa PAH, Mockea
INMOBEPXHOCTHAS NMPOBOAUMOCTb U KBAHTOBBLIE OCUUITALUNN
B TOINOJIOTMYECKUX N3OJIATOPAX U NMNOJTYMETAJIJIAX
10:30-10:45 NEPEPbIB
10:45-13:30 3ACEOAHUA CEKLUN
CEKLIMOHHbIN 3AJ Ne1 CEKLUMOHHbIN 3AJ Ne2
NA3EPHAA ®U3UKA U HOBBbIE ®YHKLIMOHAJIIbHbLIE
NA3EPHbLIE MATEPUATbI MATEPUAINDbI
lMpedcedamens: 0.¢h.-M.H. nNpodh. lMpedcedamens: 0.¢h.-M.H., Npog.
B.B. Cemawko M.H. lNonosa
10:45-11:15 | [.E. Manawkeeu4', B.B. Koe2ap", O.b. Mempoea (npuznatweHHbIl
H.B. Bapanai*, H.T. Khuyen?, doknad)
K.H. Huwee® (npuznaweHHbIl Poccultickuli XuMuko-mexHomnoau4yeckud
doknad) yHusepcumem um. .M. MeHOeneesa,
tYHecmumym cbusuku Mockea
um. B.M1. Cmenarosa HAH Benapycu, HOBbIE OPIAHNYECKHWE
Murck U rmbPUAHBIE MATEPUATIbI
%Institute of Materials Science of the A/ ®@OTOHUKU
VAST, Hanoi
SMFIY um. H.M1. Ozapéea, CapaHck
®OPMUPOBAHUE B KBAPLLIEBOM
CTEKIJIE OINNTUYECKUX LIEHTPOB
Er’* C YIUNPEHHOM MOJIOCOU
JIIOMUHECLIEHLNU *113 — *l1512
11.15-11.45 | [1.I". 3eepes (npuznawieHHbIU

doknad)

UHecmumym obwel cbusuku um. A.M.
lMpoxoposa PAH, Mockea
KOMIIAKTHbBIE JIA3EPbI

HA OCHOBE KPUCTAJ1JIOB C P33
UOHAMU BUOUMOI O
CIIEKTPAJIbHOIO ANATIA30HA

A.A. MeneHuyoea, O.A. JlunuHa,
A.I0. Yyghapos, A.A. THOMIOHHUK,
B.I". 3y6koe

UHecmumym xumuu meepdo2o mena YpO
PAH, EkamepuHbype

CUHTE3 U OINNTUYECKUE
CBOMWCTBA OJINBUHA NaYGeO,
HAOINMNMPOBAHHOI O IOHAMU
Tm?3*, Ho®*

10.B. CnuukiHa, A.C. Jlunamsbes,
C.U. CmonkuH, KO.B. Muxatinos,
C.C. ®edomos, N.C. nebos,

B.H. Cuzaes

Poccutickuli XUMUKO-mexHooau4eckutl
yHusepcumem um. .M. MeHOeneesa,
Mockea

JIABEPHOE TEPMOYIIJIOTHEHUE
HAHOIOPUCTBbIX CTEKOIJ1




A.[. Wuwkur'?, B.B. Cemawko'?
1Kazanckuli (Mpueommkckudi)
gedeparbHbil yHUsepcumem, KasaHb
2KasaHckutl ¢husuKko-mexHu4ecKutl
uHcmumym um. E.K. 3aeotickozo ®UL|
KasaHckul Hay4YHbIU yeHmp PAH, KasaHb
JIABOPATOPHbIA MAKET
PABOYEIO 3TAJIOHA NEPBOIo
PA3PSOA 41151 USMEPEHWA
CKOPOCTHU NMPOLAOOJIbHbIX
3BYKOBbIX KOJIEGAHUA

B TBEPObIX TEJIAX

I1.B. lMlecmepesa, E.IO. KabbikuHa,
A.E. Jlbeoe, J1.B. XKykoea

Ypanbckuli gpedeparbHbil yHUgepcumem
um. nepeoeo lNpesudeHma Poccuu

b.H. EnbyuHa, EkamepuHbype
TEXHOJIOInsi CUHTE3A

U ONTUYECKUE CBOUCTBA
COE,[[MHEHMP? CUCTEMBbI

Ag Clo,szl’ojs - TII

10.B. Xezyuyeea’, K.C. CepkuHa®,
U.B. CmenaHoega', A.A. Enuceega’,
M.T. MemnuH?

LPoccutickuli XUMUKo-mexHono2uyeckud
yHusepcumem um. .M. MeHdeneesa,
Mockea

2@u3suyeckul uHcmumym

um. N.H. Jlebedesa PAH, Mocksa
BJIMAHUE NOHOB 3PbUs

N UTTEPBWS HA CIIEKTPAJIbBHO-
JIOMUHECLEHTHbIE CBOUCTBA
BUCMYTIrEPMAHATHbBIX CTEKOI

4. BymeHkog', A. BacuneHkoea®,
A. Bakaeea', K. PyHuHa',

K. Veselsky?3, P. Loiko?, A. Braud?,
P. Camy?, O. lMlempoea*

L Poccutickuti XuMUKO-mexHomo2u4ecKull
yHusepcumem um. .. MeHOerneesa,
Mockea

2 Centre de Recherche sur les lons, les
Matériaux et la Photonique (CIMAP), UMR
6252 CEA-CNRS-ENSICAEN, Université
de Caen Normandie

3 Faculty of Nuclear Sciences and
Physical Engineering, Czech Technical
University in Prague
OKCOXJIOPUAHBIE CBUHLJOBO-
TEJITYPUTHBLIE CTEK/IA
JIETUPOBAHHBIE Tm**, Ho®**, Er®*
AJisA NMPUMEHEHWU B UK
OOTOHHUKE

A.O. ApuckuH', E.M. By3aeea’,
B.B. Ocunoe?, P.H. Makcumoe?,
M.A. Pa6oy4kuHa', B.A. lLlumoe?

1 HauyuoHanbHbIl uccriedosamerbcKul
Mopdosckuti 2ocydapcmeeHHbili
yHugepcumem um. H.I1. Ozapéea,
CapaHck

2 UHemumym anekmpocgpusuku YPO PAH
ClEKTPAJIbHO-
JIOMUHECLEHTHbIE
XAPAKTEPUCTUKU KEPAMUKU
Y203:Tm,Ho

A.B. bakaeea', [].A. BymeHkoe®,
K.U. Pynuna', A.B. CyObuH?,

B.C. Lapee®, C.H. Ywakoe **

M.A. Ycnamuna?, A.A. lbIHeHKo&?,
O.b. Mempoea', N.X. Aeemucoe'
1Pocculickuti XumMuko-mexHos102u4ecKuli
yHusepcumem um. .M. MeHdOeneesa,
Mockea

2HayuoHarnbHbIU uccriedosameribCKuUl
Mopdoeckutli 2ocydapcmeeHHbIl
yHusepcumem um. H.I. Ozapésa,
CapaHck

SHecmumym obuweli ¢pu3uKu

um. A.M. lpoxopoesa PAH, Mockea
Poccutickuli xXumMuko-mexHosioau4eckud
yHusepcumem

um. A.N. MeHGeneega, Mockea B
CUHTE3 U CBONUCTBA CTEKOIJ1
B CUCTEME PbCl>-PbO-B,0s3,
JIETMPOBAHHbIX Nd**




5 B.C. Llapeg’, A.E. Jlee4yHKO", E.B. Xenesa'?,
F0.B. Muxatinoe?, A.C. Jlunameee?, | FO.I1. BpoOHUKOBCKUU?,
A.l". OxpumyyK’ A.A. Kapabymoe?, B.M. KawkuH?®,
1MlHcmumym obwieti chusuku O.A. Mopo3soe'?, B.B. Cemawko'?,
um. A.M. lpoxoposa PAH, Mockea A.A. lllagenbeg?
2Pocculickuli XUMUKO-mMexHoMo2uyeckuli | 1Kazanckudl (Mpusomxckuti)
yHueepcumem um. [].V1. MeHdOeneeea ¢hedeparibHbill yHUBepcumem, KasaHb,
JIASEPHAS 3ATMUCH 2KazaHCKULl (hU3UKO-mMeXHUYECKUL
ABYIJTYYETPEITOMIJIAROLWNX uHcmumym um. E.K. 3aeolickoeo, KazaHb
HAHOCTPYKTYP B KBAPLUEBOM SHayuoHanbHbIl uccnedosamenscKuli
CTEKJIE /15 ONNITUYECKOU Mopdoeckuti eocydapcmeeHHbIU
MAMSITU yHusepcumem um. H.. Ozapéea,
CapaHck
KAYECTBO KPUCTAJ1JIOB
KOJIbKBUPUNTA
6 A.M. XKamkoe, A.O. APUCKUH, A.4. Canumzapees, A.A. KOxakKoea,
M.A. PaboykuHa A.E. JIbeoe, I1.B. lNecmepeea,
HauyuoHanbHbIl uccnedosamernbcKull A.C. Kopcakoe, A.C. lLimbi2anees,
Mopdoesckuti 2ocydapcmeeHHbIl J1.B. Xykoea
yHusepcumem um. H.f1. Ozapésa, Ypanbckuii gpedeparnbHaiil yHUsepcumem
CapaHck . um. nepeoeo lNpesudeHma Poccuu
TBEPLAOTEJ/IbHbIA JIAEP B.H. EnbyuHa, EkamepuH6ypa
HA KPUCTAIJIJIE Y3AlsO12: Er OlNNTUYECKUE MATEPUAJIbI
C JIABEPHOU . HA OCHOBE TBEPAbIX
110/1YriPOBOAHNKOBOU PACTBOPOB CUCTEMBbI AgClI —
HAKAYKOU AgBr — Agl
] A.P. lllapachees’, B.B. [lopoghees?,
2 C.E. MomopuH?, 2, A.K. Kum?,
C.B. Mypaewee?, M.FO. Konmee?,
B.B. Konmawee®
TUXBB um. I. I. Jessmbix PAH, HuxHud
Hoezopod
2UlM® um. A.B. anoHosa-lpexosa PAH,
HuwxHuti Hoezopod
SUHecmumym obueli chusuxu
um. A.M. lpoxopoea PAH, Mocksa
CBOUCTBA CTEKOJ1 CEPUU TeO,-
ZnO-Laz03-Na,O-Er,03 C
PA3JINYHbIM COQEP>XAHUEM
OKCUOA 3PbUA
13:00-14:30 NMEPEPbLIB
14:30-16:30 JIEKLUIA
lMpedcedamens: 0.¢h.-M.H., npogh. H.C. Aeepkuee
14:30-15:15 | B.B. Cemawko
KasaHckul ¢gpbedeparbHbili yHusepcumem, KazaHb
OlNTOAKYCTUYECKUE TEXHOJ1I0I M B JE®PEKTOCKOIINU
n MEQNLINHE
15:15-16:00 | M.H. llonoea
UHecmumym cnekmpockonuu PAH (MCAH), Mockea
JIOMUHECLEHTHASTI KPUOTEPMOMETPUSA HA OCHOBE KPUCTAJIIIOB
C f- U d-UOHAMU
16:00-16:15 | P.P. KawuHa

AO «J1/IC», CaHkm-llemepbype

O PELUEHWWN HAYYHO-TEXHUYECKHNX NPOBJIEM COBPEMEHHbIX
JIA3EPHbIX TEXHOJIOI M OINTUKU N ®OTOHUKU




16:15-16:30 | B.B. Mypasbee

OO0 «CnieyuanbHbie Cucmembl. ®omoHuka», CaHkm-llemepbype, Mockea

®JIYOPECLEHTHbBIA CITIEKTPOMETP OMNIFLUO-990 J151 AHAJIN3A
HAHOMATEPUAJIOB U CLUNHTUIINIATOPOB

16:30-16:45 NEPEPbIB




16:45-18:00

CTEHOOBASA CECCUA

1

C.A. BunbyeHko, B.B. (pubko

WHcmumym npuknadHou ¢busuku um. A.B. NanoHosa-lpexosa PAH, HuxHud
Hoezopod

AHAJIN3 BJINAIHUA EDTA HA NMMAPAMETPbLI POCTA U ONNTTUYECKUE
CBOWUCTBA KPUCTAJI/IOB KDP

A.A. [laxomoea, K.C. 3apameHckux, M.C. Ky3aHeuyoe, M.B. Mopo3oe,
C.M. NMunrowko, A.P. PomaHeHKO

AO «locydapcmeeHHhbIl Hay4HO-uccriedoeameribCKull U MPOeKMmMHbIU uHcmumym
pedkomemarnnudeckou npombiwneHHocmu «lupedmemy, Mockea
AJIMA3HAA JIE3BUNHASI OBPABOTKA KPUCTAJIJIOB KPC-5

K.I. Kum, K.A. lTomanoea, E.H. BopoHuHa, C.C. 3bIKoea,

E.H. MoxxesumuHa, N.X. Aeemucos

Poccultickuli xumuko-mexHosioaudeckul yHueepcumem um. [.U. MeHdeneesa, Mockea
UCCJIEJOBAHWE PACTBOPHUMOCTMU XXEJIE3A B
HECTEXUOMETPUYECKOM ZnS [J151 COBEPLIEHCTBOBAHUA
MATEPUAJIOB 3JIEKTPOHUKN N ®OTOHUKN

B.M. KoHOpawuH

Ypanbckuli ®edeparnbHbili YHUsepcumem um. rnepgoeo lNpesudeHma Poccuu
b.H. EnbyuHa, EkamepuHbype

HOBBbIE OlNNTUYECKUE MATEPUAJIbI HA OCHOBE TBEPAbIX
PACTBOPOB CUCTEMBbI TIBry 4slos: — AgCl

[1.B. Cmpekanos, E. B. Mszkoega, K.UA. PyHuHa, O.b. [lempoea

Poccutickuli xXuMuko-mexHosioau4deckul yHueepcumem um. [.U. MeHdeneesa, Mockea
JIOMUHECLEHTHBIE TMBPUAHBIE MATEPUAJIbI B CUCTEME
®TOPULA CBUHLIA C 8-OKCUXUHOJIATOM UNHKA, NMOJTYYEHHBIE
METOLOM COOCAXXOEHWA

A.H. babkuHa, A.J1. JlocuH, P.[]. Xapucoea, K.C. 3bipsiHoea, B.A. Acees,
A.Ll. HJonzononoes, M.M. Cepzees

YHusepcumem UTMO, CaHkm-llemepbype

BJIUAHUE HAHO- U ®PEMTOCEKYHLOHOI O OBJ1YYEHWA

HA JTIOMUHECLIEHTHBIE CBOUCTBA HAHOKPUCTAIJ1JIOB CSPBI;

B BOPOIrEPMAHATHOM CTEKIJIE

HA.A. 3doposetiwes, FO.A. flaHunoe, E. N. Manbiwee

Huxeezopodckuli eocydapcmeeHHbiti yHugepcumem um. H.U. Jlobayesckozo, HuxxHul
Hoezopod .
UCCJIEJOBAHUE BJIINsAHNA ASOTA U BUCMYTA HA CBOUCTBA
PA3BABJIEHHOIO MArHUTHOIO NOJ1YTIPOBOAHUKA GaMnAs

A.C. llikanuHa, P.H. Kprokoe, KO.A.fyoduH, M.B. JopoxuH, C.FO. 3y6koe,
A.B. 3dopoeeliuiee

Huxezopodckuli eocydapcmeeHHbili yHusepcumem um. H.U. Jlobayesckoeo, HuxHul
Hoszopod

XUMNYECKNA COCTAB U IJIEKTPUYECKUE CBOUCTBA CUCTEM

HA OCHOBE SiFe

B.B. Koez2ap'?, M.3. 3uamduHoea®, J1.C. lnexoea?

MHemumym ¢busuku um. 5.U. CmenaHoea HAH Benapycu, MuHck

2Bernopycckuti 20cydapcmeeHHbili yHusepcumem, MuHck

3Poccutickull XuMuko-mexHonoaudyeckull yHugepcumem um. .M. MeHdeneesa,
Mockea .
ClEKTPAJIbHO-JIOMUHECLEHTHbBIE CBOUCTBA Nd-COOEPXXALUNX
OKCUNDTOPULOHBLIX CTEKOIJ1

10

E. KO. KabbikuHa, I1. B. [lecmepeea, J1. B. XKykoea

Ypanbckuli pedeparnbHbili yHUsepcumem um. rnepgoeo lNpe3udeHma
Poccuu b. H. EnbyuHa, EkamepuHbype

OlIPELEJIEHUE YNCJIA MUKPOTBEPLOOCTH OINITUYECKUX
MATEPUAJIOB CUCTEMbI AGCL-KPC-5

10




11

A.A. Kwkoe, A.B. Epwoes, H.B. balidycb, A./. benoes, A.B. 30opoeseliwes,
P.H. Kprokoe

Huxeeopodckuti eocydapcmeeHHbit yHugepcumem um. H.U. Jlobayesckoeo, HuxHul
Hoezopod 3 . 5

BJIUAHUE YCJIOBUN OT)XKUITA HA CBOUCTBA MHOIOCJIONHbIX
HAHOCTPYKTYP CYBOKCUL KPEMHWS/OJ10BO

12

A.A. Yuxoea, E.B. 3atiyesa, A.A. KoHakoe

Huwxezaopodckuli 2ocydapcmeeHHbiti yHusepcumem um. H.U. JTobayesckozo, HuxHuUU
Hoszopod 3 . .
TEOPETUYECKUUN AHAJTIN3 SJIEKTPOHHOU 3OHHOU CTPYKTYPbI
PA3JIUYHbBIX MOJINTUMHBIX MOAU®UKALIUA SiSn

13

P.M. JlTambinoe, C.A. Co3bikuH, B.I1. Becka4yko
HOxHo-Ypanbckul eocyGapcmeeHHbil yHugepcumem (HayuoHaslbHbIU
uccnedosamernbckul yHUsepcumem), YensabuHck

HAE®EKTbI B h-BN: PACYETbI U3 NEPBbIX NMPUHLINTTOB

14

K.C. CepkuHa', N.B. CmenaHoea', A.B. Koponb', O.B. KHsa3bkoea",

3.C. Cekmapoe?, K.H. bondwipea?

LPoccutickuti xumuko-mexHonoaudeckuti yHusepcumem um. .M. MeHdeneesa,
Mockea

2WHemumym crnekmpockonuu PAH, Tpouuk

JIOMUHECLIEHTHbBIE CBOUCTBA BUCMYTIEPMAHATHbBIX CTEKOIJI,
JIETMPOBAHHbBIX OKCU4OM TYIJINA

15

A.M. Tumoea®, B.I. LLleHaypoe®, B.IO. Yankoe', A.A. KyOpuH*,

KO.H. By3bIHUH?

Huxezaopodckutli 20cydapcmeeHHbil yHusepcumem um. H.U. Jlobayesckozo, HuxHuL
Hoszopod

2UHemumym ¢pusuku mukpocmpykmyp PAH, Hux+ul Hogzopod
CYBMWKPOHHBIE NMOJIMKPUCTAJIJTMYECKUE CJION GESN

AJ1A MUKPOJJIEKTPOHUKU

16

C.K. lNaumepos, A.U. Myp3awee §

Maputickuti 2ocydapcmeeHHbil yHugepcumem, Uowkap-Ona
CPABHUTEJIbHbIA AHAJIN3 CIMEKTPOB ONTUYECKOIO
TOrJiIOllJEHNA ®YITNIEPEHOB CUMMETPUU D5h

17

C.M. lNunrowko, M.C. KyaHeyos, K.C. 3apameHCKuX,

A.A. lNaxomoea, A.P. PomaHeHko, I.B. lNonsikoea, JI.H. BymeuHa

AQO «[ocydapcmeeHHbIl Hay4YHO-uccredoeamesibCKull U MPOeKMHbIU UHcmumym
pedkomemarnnu4eckol npombiwrneHHocmu «lupedmemy, Mockea
r'AJIOFEHNAbI CEPEBPA — lNEPCIIEK TUBHbIA MATEPUAIT

AJiA BOJIOKOHHOU UK-TEXHUKUN

18

A.M. Iypbsiog', C.A. lypbsiHog?

LCamapckuli 2ocydapcmeeHHbili mexHudeckuli yHugsepcumem, Camapa
2Mockosckuli 2ocydapcmeeHHbIl mexHu4Yeckul yHusepcumem um. H.3. baymana,
Mockea

KPEMHUEBBIE NJIIEHO4YHbLIE MUKPO- K" HAHOCTPYKTYPbI

C ANISJIEKTPUYECKUMU CITOSAMU N3 OKCULOA CKAHONA

19

[1.B. llecmepeea, A4.4. Canumeapees, C.E. bapbikuHa, J1.B. Kykoea
Ypanbckuli gpedeparnbHbil yHUBepcumem um. rnepsoeo [lpesudeHma Poccuu
b.H. EnbyuHa, EkamepuHbype .
MOLOEJIMPOBAHUE U N3 OTOBJIEHUE O4HOCJIONUHbIX BOJIOKOH

20

A.4. Canumeapees, A.A. IOxakoea, A.E. Jlbeos, I1.B. [lecmepeea,
®.M. Ky4yepeHko, E.FO. KabbikuHa, J1.B. XKykoea

Ypanbckuli pedepanbHbili yHUsepcumem um. riepgoeo lNpe3udeHma Poccuu
b.H. Enbyura, EkamepuHbype

UCCJIEJOBAHUE PASMEPOB KPUCTAJIJINTOB
MMMKPOHAI'IPFI)K,C{EHMP? B OBPA3UAX TBEPbIX PACTBOPOB
CUCTEM Ag C|o,25Bro,75 - TlBl’o,4e|o,54 n Ag C|0,25Bro,75 - T|BI’0,74BI'0,2
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21 A.P. lllapachees’, B.B. [lopogheee’ 2, C.E. MomopuH* 2, A.K. Kum?,
C.B. Mypaebee?, M.FO. Konmee?, B.B. Konmawee®
YMXBB um. I". I". Jessmbix PAH, HwxHuti Hosz2opod
2UlM®D um. A.B. anoHosa-pexosa PAH, HuxHut Hoszopod
SNO® um. A.M. lNpoxoposa PAH, Mocksa
LNHK-TEJJTYPUTHBIE CTEKIJIA 4J15 BOJIOKOHHO-OINTUYECKNX
NMPUMEHEHWUA B UK-OUATMA30HE

22 A.M. l'ypbsiHoe?, C.A. lNypbsiHo&?
1Camapckuli 2ocydapcmeeHHbili mexHu4Yeckuli yHueepcumem, Camapa
2Mockosackutl 2ocydapcmeeHHbIl mexHuyeckull yHusepcumem um. H.3. baymaHa,
Mockea
TMMOTEHUUNAJIbHbBIE BAPBEPbI B KPEMHUEBbBLIX MArN-CTPYKTYPAX
C ONJJIEKTPUHECKUMMU CI105IMN OKCULOA CKAHOUA

23 A.B. llupmaHkuH, B.A. KambiHuH, A.U. Tpukwes, A.A. Poibanmosckull,
C.E. Ceepukoes, B.U. [leHkep,
B.b. Ljeemkoe
NO® um. A.M. lNpoxoposa PAH, Mockea
UCCJIEQOBAHWE OUHAMWKU IOJIAAPUSALIMOHHBIX MO4
B BOJIOKOHHOM JIA3EPE C KOPOTKM PE3OHATOPOM

24 A.B. llupmaHkuH, B.A. KambiHuH, C.B. Ky3Heuyoe, B.A. KOHOWKUH,
A.H. Haknados, A.A. AnekcaHopos, B.b. Ljeemkoe
NO® um. A.M. lNpoxoposa PAH, Mockea
UCCJIELJOBAHUE KOMITO3UTA KOHUYECKOE BOJIOKHO — KPUCTAJJ1
BaF.:Yb:Er

25 A.C. bukeesg', M.B. KpemeHeukuii?, I1.A. Pa6oykuHa', [.A. Ckeopyoe*,

H.O. lWa6poe*

HauuoHanbHbIl uccnedosamernbckuti Mopdosckuli 20cydapcmeeHHbill yHusepcumem
um. H.l. Ozapésa

2A0 «l1O «Ypanbckuli onmuko-mMexaHu4yeckul 3aeo0 umeHu 3.C. Snamosax
PA3PABOTKA BJTATOCTOUKNX BU3YAJTIU3ATOPOB B OBJIACTU
UHPPAKPACHOIO U3JTYHEHUA

12




26 ceHTAOpsA 2024, yeTBepr

9:00-10:30

NEKUUU
lpedcedamensb: 0.¢h.-M.H., npogh. B.B. Cemawko

9:00-9:45

B.B. ['ydkoe

Ypanbckuli pedeparbHbili yHUsepcumem, EkamepuHbype
HU3KOTEMIIEPATYPHAS OUHAMMUKA SH-TEJITIEPOBCKUX
KOMITJIIEKCOB B JOIMMMPOBAHHbIX KPUCTAJTJIAX

9:45-10:30

M.B. JopoxuH

Huxezopodckuli 2ocydapcmeeHHbix yHusepcumem um. H.U. Jlobayesckozo, HuxHuUU

Hoszopod

TEPMOMAIHUATHBIE SABJIEHUS1 B TOHKUX ®PEPPOMAIHUTHbIX

MIEHKAX

10:30-10:45

NEPEPbLIB

10:45-12:30

3ACEAHUS CEKLUN

CEKLIMOHHbIU 3A Ne 1
HAHOMATEPUANBI N
HAHOTEXHOJ1IOI'Mn
MNMpepcepatenb: K.¢h.-M.H.
A.M. KanawHukoea

CEKLUMOHHbIN 3AJ Ne2
HOBbIE ®YHKUWOHAIbHBIE
MATEPWUANbI
lpedcedamens: B. [MaHkpamoe

10.45-11.15

J1.B. Komoea, N.A. Enucees,

B.P. BopoduH, A.U. MNanumoes,

M.B. flypHes, 1.A. Anekcees,

M.B. PaxnuH (npuanaweHHbIU
doknad)

OTU um. A.@. Uoghbgpe, CaHkm-
lNemep6ypz JIOMUHECLEHLUA
ATOMAPHO-TOHKUX CJIIOEB InSe

C.U. CmonkuH, A.C. Jlunamees,
FO.B. Muxatinos, C.C. ®edomos,
WN.C. lnebos, B.H. Cuzaee
Poccutickuli XUuMUKO-mexHo10au4ecKkull
yHugsepcumem um. [J.U. MeHOeneesa,
Mockea

3AlINCb
ABYIJTYYETPEITIOMIJIAROLNX
CTPYKTYP C BbICOKUM
3HAYEHUEM ®A30BOIO CABUIA
B HAHOINOPUCTOM CTEKIJIE

E.M. bysaeea®, [.A. A2apkoe?,
M.A. Bopur®, .M. Kopabneea?,
A.B. Kyne6sikun®, N.E. KypuyuHa?,
B.M. KawkuH, E.E. JlomoHO8a°,
®.0. Munoesuy®, B.A. MbI3uHa®,
MN.A. Pa6o4kuHa',

H.;O. Tabaykoea®*
LHauuoHarnbHkIl uccriedosamerbcKuUl
Mopdoeckutli 2ocydapcmeeHHbIl
yHusepcumem um. H.I. Ozapésa,
CapaHck

2MHecmumym ¢busuku meepdo2o merna
PAH, YepHozornoska

SUHecmumym obuweli pu3uKu

um. A.M. lpoxopoesa PAH, Mockea
AHUTY MUNCuC Mockea
CTPYKTYPA, ®A30BbIA COCTAB
U CIEKTPAJIbHO-
JIIOMUHECLIEHTHBIE
XAPAKTEPUCTUKU KEPAMUK
ZFOZ-SCZOs-szos
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A.B. flpo3d*, B.E. Jpo33d*?,

B.51. Kpyanukoe', A.l. BapabaH?
LCesepHniti MMpecc, CaHkm-Nemepbype
2CaHkm-lNemepbypackuti
l'ocydapcmeeHHbil YHuUsepcumem,
CaHkm-llemepbype

3ALINTHBIE INMOKPbITUA Y3/10B
PAONOIJIEKTPOHHOU
AlMAPATYPbI TEXHOJIOTMEN
ATOMHO-CJIOEBOIO
OCAXLOEHUA

C.A. Bykapee', M.A. Bopuk?,
A.B. Kyne6sikun?, H.A. JlapuHa®,
E.E. JlomoHoga?, ®.0. Munoeu4?,
B.A. Mbi3uHa?, B. [NlaHkpamoe*,
A.A. Pey', [1.A. Ps6o4kuHa*,
H.FO. Tabauykoea®, T.B. Bonkosea,
A.M. 3r03uH?

'HayuoHanbHbIl uccnedosamensckull
Mopdosckuti 2ocydapcmeeHHhbIU
yHusepcumem um. H.I'1. Ozapésa,
CapaHck

2WHcmumym obuweli husuKu

um. A.M. lNpoxoposa PAH, Mocksa
SHUTY MNCuC Mocksa

4Institute of Solid-State Physics,
University of Latvia, Riga, Latvia
fPOLIECC
BE3bI3JIYYATEJIbHOIO
TMEPEHOCA SHEPIruun

B KPUCTAJIJIAX ZrO, - Eu,03

C.B. 'ywuH, C.B. Ky3Heuoe?,

B.A. KoHnrowkuH?, A.H. Haknadoe?,
A.A. llanuHr', B.1O. lNpolidakoea?,
MN.A. Psa6o4kuHa’, I1.I1. ®edopoe?
HauuoHarnbHbI0 uccnedosamerbeKuli
Mopdosckuti 2ocydapcmeeHHbIl
yHusepcumem um. H.I1. Oeapésa,
CapaHck

2Hemumym obuweli gpusuKu

um. A.M. lpoxopoea PAH, Mockea
XAPAKTEPUCTUKU ATl-
KOHBEPCHWOHHOM
JIOMUHECLEHUUN & TOPULHbIX
JIOMWUHO®OPOB MF; (M = Ca, Sr),
JIEFMPOBAHHbIX
PEJKO3EMEJIbHbIMUA UOHAMU
Ers*, Ho®*

H.B. Bapanai’, I'".I1. LLlee4eHKO?,
10.B. Bokwuu?

MHemumym ¢busuku

um. b.1. CmenaHoea HAH Benapycu,
MuHck

2HUM pusuko-xumudeckux rpobrem BIY,
MuHck

®OPMUPOBAHUE KOJIIIONMAHO-
XUMUYECKUM METOLOM
OLJHOPA3HOU MATPULIbI

KAK SrAl;0; OCHOBbI

151 TIIOMUHO®OPOB

A.C. Anekceeea’, B.M. KswkuH*,
M.A. Pa6oy4kuHa', H.FO. Tabaykoea?,
C.A. XpywanuHxa'

IMopdoeckuli 2ocydapcmeeHHbIl
yHusepcumem um. H.I1. Oeapésa,
CapaHck

2HUTY MNCuC Mockea

CUHTE3 U XAPAKTEPUCTUKN
HAHOYACTUL Y03

[J151 NOJIYYEHUS JTIASEPHOU
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KEPAMUKHN

12:30-14:00 NEPEPbIB
14:00-15:30 NEKUMK
lpedcedamensb: 0.¢h.-M.H., npodh. B.B. 'yOkoe
14:00-14:45 | M.M. Cna3oe
OTU um. A.®. Noghgbe PAH, C.-lNMemepbype
IKCUTOHbI B ATOMAPHbBIX TOHKUX IOJ1YTIPOBOAHUKAX
14:45-15:30 | V. Pankratov
Institute of Solid-State Physics, University of Latvia, Riga
CUHXPOTPOHHOE U3JTYYEHUE U JIIOMUHECLIEHTHAS
CIIEKTPOCKOIUsA AKTYAJIbHbBIX CUUHTUIITIATOPOB
15:30-15:45 MEPEPBLIB
15:45-17:30 3ACEQAHUA CEKUUN
CEKLIMOHHbIN 3AN Ne 1 CEKLIMOHHbIN 3AN Ne 2
QJIEKTPOHHbLIE ABJIEHUA B NNA3EPHbIE TEXHOJIOMU B
HAHOCTPYKTYPAX BUoJiormm un MEgQULUIMHE
lMpedcedamens: 0.¢h.-M.H., NpPodh. lMpedcedamens: 0.¢h.-M.H, nNpodh.
H.C. Aesepkuee I1.A. Psibo4KuHa
16:15-16:45 | B.KD. MbinbHUKo8?, C.A. XpywanuHa, l.A. Pabo4kuHa,
C.0. MomawuH*, M.C. Ykxmapu?, B.U. Wnsankuna, C.3. KykapkuHa,
Y.A. Joyun2?, I.C. Cokonoeckul*, | E.3. 3umuH, A.[]. TapambiHoga,
H.C. Aeepkuee' (npuanaweHHbIl M.B. XKypaenes, A.A. adeeesa,
doknad) B.C. Bobpoes, A.C. Anekceeea
‘OTU um. A.@. Nopcpe, CaHkm- (npuznaweHHbIl doknad)
lemepbype, Poccusi HauuoHanbHbIi uccrnedosamernbcKkull
20Okcemepckuti yHusepcumem, Okcemep, | Mopdosckuli 20cydapcmeeHHbill
BenukobpumaHusi yHusepcumem um. H.I1. Ozapésa,
QOPEKTUBHAS TEPMAJTN3ALUUNA | CapaHck
U KPUTUYECKOE 3AMELJIEHNE TEMJ/1I0OBOE U3J1TYHYEHUE
B IBYX-®OTOHHbIX B ONIJIEKTPUHECKUX
JANCCUMATUBHbIX KBAHTOBbIX | HAHOYACTULAX C BbICOKOU
CUCTEMAX KOHLEHTPALIMEN P3-UOHOB
U EFro BO3MO>XHOE
NPUMEHEHWE B MEOWLINHE
16:45-17:15 | . 4. Aedeeeg’, M.O. HecmoksioH,
C.B. l'ynanoe'? (npuanaweHHbIl
doknad)
1OTU um. A.®. Noghghe, CaHkm-
Memepbype
2Jackson State University, Jackson,
Mississippi, USA
MEXXQOJINHHOE CMELUNBAHUE
N OKCUTOHBbI
B HAHOCTPYKTYPAX
N3 XAJIbKOreHngoB CBUHLA
17:15-17:45 | K.KO. (loneHuukuu

(npuanaweHHbIU 00oK1ad)

OTU um. A.®. Mogpcpe PAH, CaHkm-
lNemepbype

AHU3OTPOIIHbLIE
MOBEPXHOCTHbIE
rNoJIAPUTOHbLI B OHOOCHbIX
CPEAX
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A.A. PeguH, A.A. KoHakoe,

A.C. Kopornee

Huxe2opodckuli HauuoHaIbHO-
uccriedosameribCKUll 20Cy0apCcmeeHHbIU
yHusepcumem um. H.U. Jlobayesckoeo,
HuwxHuti Hoszopod

SJIEKTPOHHAS CTPYKTYPA

U TPAHCIMOPTHBLIE CBOUCTBA
MACCUBOB HAHOKPUCTAJIJIOB
OKCULOA rAJlJins

B.U. KonecHukoeal, I'.C. LLlakypoe?,
O.A. Mopo3oe'?, C.Jl. Kopabneea®,
B.B. Cemawko'?

'KazaHckuti (Mpusomxkckuli) hedeparbHabil
yHusepcumem, KasaHb

2KasaHcKutl ¢husuko-mexHuyecKudl
uHcmumym um. E.K. 3asolickozo, KazaHb
O BO3MO>XHOCTH
UCIIOJIb3OBAHUA
MUKPOYACTHUL LiHOF.4

B KAYECTBE BN3YAJIN3ATOPOB
UHTEHCUBHOCTU KB4Y
N3JTYHEHUA

A.Ll. TapamebiHoga, A.H. bensies,
O.C. bywykuHa, B./. [lagbIOKuH,
M.A. Psibo4kuHa, C.A. XpywanuHa
HauuoHanbHo-uccredosameribcKull
Mopdoeckuti eocydapcmeeHHbIl
yHusepcumem um. H.I1. Ozapésa,
CapaHck

MOLEJINPOBAHUWE lNPOLIECCA
9BJIK U OMNPELETIEHUE
TEMITEPATYPHbIX
XAPAKTEPUCTUK BEHbI

rnPu BO3,£[EI710TBMM HA HEE
JIASEPHbIM N3J1TYHEHUEM
PA3JINYHbIX JINH BOJIH

17:30-19:00

KYJNIbTYPHASA NMPOrPAMMA
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27 ceHTAGpSA 2024, nAaTHMUa

9:00-10:15

NEKUUN
llpedcedamens: 0.¢h.-M.H., [1.I". 3eepes

9:00-9:45

FO.I". BatiHep

UHecmumym cnekmpockonuu PAH, Mocksa, Tpouuk
HauuoHanbHbIlb uccriedosamernbcKkul yHusepcumem «Bbicwas wkosia SKOHOMUKUY,

Mockea

OINMTUYECKAS Y/Ib TPAMUKPOCKOIUSI OOUHOYHBIX HAHOYACTHL]
B BOAHbIX CPEAAX 151 3A0AY BUOMEOULNHbI

9:45-10:30

I.1O. laxaunbL0aH

Pocculickuti xumMuko-mexHosioau4deckul yHueepcumem um. . Y. MeHdOerneesa,

Mockea

®A30BbIE HAHOHEOHOPO/4HOCTHU B OKCULOHbIX CTEKIIAX
N ®YHKLINOHAJIbHBIE MATEPUAJIbI HA UX OCHOBE

10:30-10:45

NEPEPbLIB

10:45-13:15

3ACEQAHUSA CEKLIUA

CEKLIMOHHbIW 3AN Ne 1
BOJTOKOHHAA ONTUKA
lpedcedamenb: K.¢gh.-M.H., doueHm
K.H. Huwes

CEKLIMOHHbIN 3AN Ne 2
MHOYCTPUANbHAA ®OTOHUKA
lpedcedamerb: 0.¢h.-M.H, NPodh.

M.A. Pabo4kuHa

10:45-11:15

M.B. 'epacumos, K.B. Kupees,
E.FO. MapOaee

(npuanaweHHbIlU oKnad)
HauuoHanbHbIl uccriedosameribCKul
Mopdosckuti 2ocydapcmeeHHbIl
yHusepcumem um. H.I1. Oeapésa,
CapaHck

PAOMO®OTOHHbLIA Nogxon
AJ1A FTEHEPALNN CITIEKTPAJIbHO
YNCTbIX CB4Y-CUITHAJIOB

A.A. TaHSKUH

(npuanaweHHbIU oknad)

AO «OnmukosoriokoHHble Cucmembi»,
CapaHck

OCHOBHBbIE 3TATlbI

U NMPEAMNOCHITIKN CO3L0AHUA
HA TEPPUTOPUU PD
COBCTBEHHOIo
rMPON3BO/LCTBA lNPE®OPM
aJiA
TEJIEKOMMYHUKALUUWUOHHOIO
OlNTUYECKOI'O BOJIOKHA

11:15-11:45

A.C. Jlunamoe',

A.A. Poibannmoeckulii?,

M.A. Menbkymoe?,

C.C. AnewkuHa?, M.M. By6Hoe?,
M.E. lluxayee?, A.H. A6pamoe*,
M.B. Slwkoe! (npuenaweHHbIl
doknad)

MHemumym obweli gpusuku

um. A.M. lpoxoposa PAH, Hay4Hbit
UeHmp 80/10KOHHOU ONmMuKuU

um. E.M. [luaHosa, Mockea

2 lHCmumym Xumuu 8bICOKOYUCMbIX
eewiecms um. I.I". Jeesmbix PAH,
HuwxHuti Hoszopod
BOJIOKOHHBbIE CBETOBO/4bI
C MPEAE/IbHO BbICOKOU
KOHLEHTPALMEN OKCUOA
UTTEPBUS: PASPABOTKA,
UCCIIEJOBAHUE CBOUCTB,
TMPAKTUYECKOE NPUMEHEHWE

A.O. Bo3HeceHckasi, 51.B. Tepiio,
A.B. baxonduH
(npuanaweHHbIU oknad)
YHusepcumem UTMO, CaHkm-
lMemepbype

CUHTE3 OINTUYECKUX
SJIEMEHTOB CBOBO4HOU
®OPMbI MOANPULNPOBAHHbIM
METOL4OM OTOBPAXEHUA
JIYYEN Ansd 3A0AY
U30BPAXAIOLUEW OMNMTUKN
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11:45-12:15

U.B. dposos

(npuanaweHHbIU O0oKnad)

00O «CapaHckkabenb-Onmukay,
CapaHck

O MNOrPELLHOCTU U3MEPEHUA
KO3OPULINMEHTA 3ATYXAHUA
OlNTUYECKUX BOJIOKOH B
UMnynbCHoOU
PE®JIEKTOMETPUN

A.A. Oxakoea, A.4. Canumaapees,
A.E. Jlbeoe, I1.B. [lecmepeea,

WU.B. lOxakoes, J1.B. XKykoea
Yparnbckuli pedeparnbHbil
yHusepcumem, EkamepuHbypa
PA3PABOTKA
TMOJINMKPUCTAJTJTTUYECKUX
CBETOBO/OB C O[NITUYECKOU
OB0J104KOoU

A.B. Kpusoegu4es, M.FO. Bnacos
AO «UHXUHUPUH208bIt UeHmpP
B0J10KOHHOU onmuku», CapaHcK
HU3KOTEMITEPATYPHBbIE
TEXHOJIOrnn
MTASMOXUMUYECKOIO
CUHTE3A CIEUUNATIbHbIX
BOJIOKOHHO-OINTUYECKUX
3AOTOBOK HA OCHOBE
KBAPLIEBOI'O CTEKIJIA

A.N. OneliHuk', A.A. YMHUKo@?,
A.H. A6pamoe?, A.C. Baxpywee?,
C.B. Anbiwee?, A.M. Xezaii?,

E.l. ®upcmoea?,

M.A. Menbkymoe?, C.B. dupcmoe?
Yemumym xumuu 8bICoKOHUCMbIX
sewecms um. I. . [lessmbix PAH,
HuwxHuli Hoszopod

2IHemumym obuweli gpusuKu

um. A.M. lpoxopoea PAH, Hay4Hbili
UeHmp 80/10KOHHOU ONMuKuU

um. E. M. JuaHosa, Mockea
BUCMYTOBBbIE BOJIOKOHHBbIE
CBETOBO/bI 4151 YCUITUTENEN
E W S ONUANMO30OHOB AJTNH BOJIH
C HAKAYKOM 0 OG0JI0OYKE

T.B. Bonkoeal, C.I. Kocmprokoe?,
M.B. BypankuH?

HayuoHarbHbIlG uccriedosameribeKul
Mopdoeckuti 2ocydapcmeeHHbIl
yHusepcumem um. H.I1. Ozapéea,
CapaHck

2A0 «OnmMuKo8orioKoHHbIe CucmeMbiy,
CapaHck

PA3PABOTKA COCTABOB
AKPUITATHbIX MOKPbITUA
KBAPLIEBbIX BOJIOKOH AJis1 AO
«OlNTUKOBOJIOKOHHBbIE
CUCTEMbI»

A.B. CydbuH, C.H. Ywakoe' ?,
U.A. Bonkoe?, K.H. Huwees*,

H.A. FOAuH', M.A. YcnamuHa®,
M.FO. Bnacoe'®

1HayuoHanbHbIU uccriedosamerbeKull
Mopdosckuti 2ocydapcmeeHHbIl
yHugepcumem um. H.I1. Ozapésa,
CapaHck

2MHemumym obweli gpu3uKu

um. A.M. lpoxoposa PAH, Mockea
SUHXUHUPUH208bIL UeHMP 80/10KOHHOU
onmuku, CapaHck

PA3PABOTKA BOJIOKOHHOIO
JIABEPHOI'O UICTOYHUKA
YI/IbTPAKOPOTKUX UMI1YJIbCOB
AJiAA MOgU®UKALNN
TMIPO3PAYHbLIX MATEPUAJIOB

A.B. )KagOpOHKUH

00O «Kpucmannu4yeckasi onmuka»
rNPON3BOL4CTBO OINTUYECKUX
KOMIIOHEHTOB B OO0
«KPUCTAJIITUHECKAS OINTUKA »
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4 A.C. Abpamoes, B.A. JlanuH,
T1.71. MupoHos
Hayu4Ho-uccnedosamernbckuli
mexHosi02u4ecKul uHcmumym

um. C.I. Kanuypl, YnbsHoscKul
e2ocydapcmeeHHbIU yHUsepcumem
ANHAMUWKA YACTOTHO
MoL4YITUPOBAHHOIO
UMIYJIIbCHOIO U3JTYYEHUA
B AKTUBHOM CBETOBOLOE

C NMPOOJIbHO MEHSIIOLLEACSA
JUNCIEPCUEN

5 A.B. Enonoe?, K.E. ProMKuH?,
®.B. AgpaHacwkee?, C.B. Anbiwes?,
A.B. XapaxopduH', A.M. Xezaii',
E.l. ®upcmoea’, C.B, dupcmoe®,
M.A. Menbkymog?

TMHmemumym obuwel ghusuku

um. A.M. lNpoxoposa PAH, Hay4Hblt
UeHmp 80710KOHHOU OMUKU

um. E.M. [JuaHosa, Mockea
2J/lHCmumym Xxumuu 8bICOKOHYUCMbIX
sewecms um. I".I". [lessmbix PAH,
HuwxHuli Hoszopod

ClrIEKTPbI NOJIAPU3ALIMOHHO-
3ABUCUMOIO YCUITIEHUSA

B ®OCPOPOCUIINKATHbIX
BUCMYTOBBbIX BOJIOKOHHbIX
YCUITTUTEITISAX

6 A.9. Bypmucmpos

HWHCcmumym Xumuu 8bICOKOHYUCMbIX
sewecms um. I".I".[lessmbix PAH,
HuwxHuti Hoszopod
HU3KOATEPTYPHBIE
CBETOBO/bI,
AKTUBUPOBAHHBIE BUCMYTOM,
AJiAA HAKAYKU 10 NMEPBOU
OBOJIOYKE

13:15-14:45 NEPEPbIB

14:45 NOABEAEHUE UTOIOB. 3AKPbITUE KOH®EPEHLIUU
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OIITUYECKUE CBOMCTBA 3AKPYUEHHBIX ®OTOHHBIX CTPYKTYP

E.C. Barkun, A.B. Ilomakunckuit, C.A. TapaceHko
OTU um. A.®. Hoghghe PAH, Canxkm-Ilemepbype
E-mail: tarasenko@coherent.ioffe.ru

[IpencraBiienbl  pe3yJabTaTbl  HMCCIEIOBAHUSA  ONTHYECKUX  CBOWCTB
(OTOHHBIX CTPYKTYp, COCTOSIIIUX M3 Pa3BEPHYTHIX IPYr OTHOCUTEIBHO JIpyra
CJIOEB, JUAJIEKTPUYECKas MPOHUIAEMOCTh Ka)J0r0 U3 KOTOPBIX MOJYJIMpPOBaHA
NEePUOJUYECKUM 00pa3oM B IUIOCKOCTH cJios. Takue CTPYKTYphl SIBISIOTCS
(OTOHHBIMHM aHAJNOraMU 3aKPYUYEHHBIX BaH-/I€pP-BaalbCOBBIX MOJYIPOBOJHUKOB
[1]. Kaxnpiii wu301MpOBaHHBIN CclIOM 00JaJa€T HW30TPOMHBIM ONTUYECKUM
oTkiukoM. [Ipu cOMMKeHnH ClI0eB BOZHUKAET B3aUMOJCHCTBUE uepe3 OJIMKHUE
MOJIsl, YTO NPUBOAUT K TOSBICHUIO ONTUYECKOW aHU30Tpomnuu. Bapbupys
pPacCTOSIHME MEXJy CJIOSAMH M YroJl CKpPYYHMBAHMS MOXHO YHPAaBIAThH
ONTUYECKUMU XapaKTEePUCTUKAMU CTPYKTYPHI [2].

3akpyuyeHHbIe (OTOHHBIE CTPYKTYpPbl SIBISIOTCS  KUPAJIbHBIMH U
JEMOHCTPUPYIOT E€CTECTBEHHYIO OINTHYECKYI0 AaKTUBHOCTh — CIOCOOHOCTD
BpallaTh MIOCKOCTh MOJSPU3AIMU MPOXOASIIETO yepe3 Hux ceera. Kpome Toro,
HENOJIIPU30BAHHBIA JIyd CBETa, MPOIICAIINNA 4Yepe3 TaKyl CTPYKTYypY,
NpUOOpeTaeT YaCTUYHYIO LMPKYJSPHYIO MOJSpU3alUi0 (CIIUHOBBIA YTIOBOU
MOMEHT). B oTpakeHHOM jke JTyue BO3ZHMKAET OTJIIMYHBIN OT HYJISI OpOUTATbHBIN
YyIJIOBOM MOMEHT, TO €CTh CBET CTaHOBHUTCS 3akpydeHHbIM [3]. Omnmucan
HEOOBIYHBIH MEXaHW3M BO3HMKHOBEHHUS IUPKYJIAPHOM TMOJApU3AIMHU B
OpOLIEAIIEM TIy4YKe, CBS3aHHBI HE C LUPKYJISPHBIM JUXPOU3MOM, a C
nudpakuueld cBera Ha Myape. Myap HEu30€KXHO BO3HHKAET B 3aKPYyUYECHHOU
CTPYKTYpE€ NpU HAJI0KEHUU MPOCTPAHCTBEHHOW MOIYJISIUU AUAJIEKTPUUYECKON
IPOHMUIIAEMOCTH CJIOEB. BBINIOTHEHHBIE MCCIEAOBaHUS TOKA3bIBAIOT, YTO
UHTCHCUBHOCTh JU(paKkiMu Ha Myape pasnidyHa s (OTOHOB €
IIPOTUBOTIONIOKHOM UPKYJISIpHOU Tossipu3anueil. J{udparupoBanneie Ha Myape
aydd oOJIaal0T 3HAYUTEIbHOW ITUPKYJSIPHOW TOJISIpU3allie U OpOUTAIBHBIM
yraoBbIM MOMeHTOM. OrnuckiBaeMble 3(QexTl Hanboliee BBIPAKEHBI Ha
4acTOTaX COOCTBEHHBIX BOJHOBOJHBIX MOJ (HOTOHHOM CTPYKTYPBHI.

1. A.V. Poshakinskiy, D.R. Kazanov, T.V. Shubina, et al, Nanophotonics 7,
753 (2018).

2. B. Lou, N. Zhao, M. Minkov et al, Phys. Rev. Lett. 126, 136101 (2021).

3. B.A. Kusses, B.I. Cep6o, YOH 188, 508 (2018).

21


mailto:tarasenko@coherent.ioffe.ru

BJIUSIHUE VCJIOBUU OTKUT' A HA CBOMCTBA MHOTI'OCJIOMHBIX
HAHOCTPYKTYP CYBOKCUJ] KPEMHUS / OJIOBO

JLA. IOmkoB, A.B. Epmos, H.B. balinyce, A.l. benos, A.B. 3noposeiiiies,
P.H. Kprokos

Huoicecopoockuii cocyoapcmeennniii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo

E-mail: Daniil-2002.0206 @yandex.ru

dopmupoBanue MHorocioiHbx HaHocTpyktyp (MHC) SiOx/Snsensiercs
aKTyaJbHBIM H3-32 TPEANOJOXKEHUS O TOM, YTO HANBUICHHBIM CJIONW OJioBa
HOBBIIIAET KpHcTauM3anuio HaHokpuctamuioB (HK) Si, Tem cambiM yBennuuB
UHTEHCUBHOCTh UX (oromomunectenun (DJI) [1]. KomOunanus ObicTporo
tepmuueckoro orxura (bTO) m nmocnenytoniero Tpyo4aroro (CTaTUYECKOTO —
CTO) Taxxke cnocoOctByeT pocTy uHTeHcuBHOocTH @DJI [2]. B noknaze
npeacTaBieHbl pe3yiabTarhl BiausHus bTO u CTO u moct-rugporeHu3anuu Ha
JIFOMHHECIICHTHBIC CBOMCTBA MHOTOCJIOMHBIX CTPYKTYP a-SiOx/Sn (uu SnOy).

Oo6pasupt MHC nonyyanu moodepeaHbiM ocaxaeHueM cioeBSiO«/Sn Ha
noanoxky KJIb-20 (100) npu Temnepatype 120 °C. MerogoMm ucnapeHus B
BakyyMe. bbutn mosydeHsl CTpyKTYphl ¢ TOamuHON SiOx— 20£1HM, a ToNIMHA
SneapeupoBanacek 1, 1.5, 3, 5 HM js pasHbeix cepuid. Takke ObUT MONTyuYeH
obpazer; otaenbHOM IwieHKH SiOxc TommmuOM 70 HM. OOpasubl ObUIH
otoxkeHbl B ieurt bTO npu 900 °C B Teuenne 3 MUH —M B TPyOUaTOM ME€UU MPH
900-1100 °C 60 muu (CTO). Bpuiu BBIIOIHEHBI YKCIEPUMEHTHI IO OTXKHIY B
MOJIEKYJIIpHOM Bozopojie npu Temmepatype 500 °C(rugporenusaus).

[lony4yennsle  00pasibl  MCCIENOBAIM  METOJAMH  PEHTI€HOBCKOM
dboToanekTponHon crnektpockonuu (PO®IC)na komriekce Multiprobe RM,
dotomomunecueHuu (OJI)B auanazone 650—1000 am u UK-ciekTpockonum.

YcraHoBieHo, 4To oTAenabHbie mieHKH SiOx (X~1.8) mocie omkura B
tpyOouaroii meun npu 1000-1100 °C mposiBastor unTeHCHBHYIO DJI mpm
KOMHATHOM TemIieparype, B ooiactu 750—-850 HM, CBSI3aHHYIO ¢ M3y4aTeIbHON
pexombOunanueit 8 HK Si, dopmupyemsix nocine CTO. dopmuposanune HK mpu
TaKOW TepMooOpaboOTKe mMOATBepAMIOCh #3 JaHHeIXx POOC wu UK
cnektpockonuu. BTO, B KOMIUIEKCE C MOCIEAYIOIIUM CTaTUYECKUM IE€YHBIM
OTXHUTOM, yBenuuuBaeT wHTeHCUBHOCTh DJI mmienok SiOx B 2 pa3za.
I'maporenusanust 00pa3LoB NPUBOJIUT K pocTy uHTeHCUBHOCTU DJI B 2 pa3a.

OOHapyXeHO, YTO BEACHHE MPOCIOCK OJIOBAa WM €ro JHOKCHIa B
ctpyktypy MHC 17151 Bcex BapHaHTOB YCIOBUM OTKUTa MPUBOAUT K CHUKEHHIO
nHTeHCUBHOCTH DJI B yKa3aHHOM CIIEKTPaIbHOM IMOJIOCE.

B noknane o6cy)aarTcsa BO3MOXKHBIE TPUYMHBI JaHHOTO 3 eKTa.

PabGora BeIMoONIHEHA TpU Mojaepkke MUHHUCTEpCTBA HAYKHM U BBICHIETO
obpazoBanus P® (roczaganne FSWR-2023-0035).

1. C. Ma, L. Bi, J.Y. Feng, J. Cryst. Growth. 305, 30-35 (2007).

2. D. Hiller, S. Goetze, M. Zacharias, J. Appl. Phys. 109, 054308(2011).
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TEOPETUUYECKUM AHAJIN3 DJIEKTPOHHOM 30HHOM CTPYKTYPBI
PA3JIMYHBIX NOJUTUITHBIX MOJIUDPUKALAN SiSn

A.A. Umxona, E.B. 3aiinieBa, A.A. KonakoB
Huoicecopoockuii cocyoapcmeennsiii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
E-mail: chizhova@phys.unn.ru

Moaudukanuu XOpoLIO HW3BECTHBIX TMOJYIMPOBOJAHUKOB (KPEMHUM,
Tre€pMaHUM U JIp.) BHI3LIBAIOT MHTEPEC B CBSI3U C MTOMCKAMU ITyTEH MOBBIIICHUS UX
M3JIy4daTesibHbIX CBOMCTB. ECTh TeopeTtnueckue [1,2] u sxkcnepuMeHTanbHbie [3]
NPEANOCHIIKM  CYUTaTh, YTO HEKOTOpble MoJUMOp(dHBIE MOAUPUKAIUU
NOJYIPOBOAHUKOBBIX 3JIEMEHTOB CIOCOOHBI oOecreuuTh Ooiiee 3PheKTuBHOE
BO30Y’KJIEHUE JIIOMUHECIIEHI[MH 110 CPABHEHUIO C aIMa30M0/I00HON KyOruecKon
¢azoil. Panee namu B [4] moka3zaHo, 4TO poMOO3IpHUUecKril KpeMHUH ¢a3bl IR
UMEET 3HAYUTEJIIbHO JIydlllMe€ W3JydaTesIbHble CBOWCTBA B CPAaBHEHHUH C
kyoundeckum kpemHuem 3C. Tem He MeHee, OH HE SIBISETCS MPSIMO30HHBIM
noJIynipoBoAHUKOM. [loaToMy panee HamMu OBLTM  PAacCMOTPEHBI TBEPJbBIC
pacTBOpPBl Ha OCHOBE KpeMHHS (B YacTHOCTH SiggsSNoes). st Oosee
CUCTEMAaTHYECKOTO  HWCCIEJOBAaHUS  B3aMMOCBSI3M  MEXKAY  CTEICHbBIO
FeKCarOHAJIM3allui  DJIEMEHTAPHOW  SYEHWKHA KPUCTAJUIA ©  BJIEKTPOHHOMN
CTPYKTYpOH TeKCaroHaJIbHBIX (ha3 TBEPIBIX PACTBOPOB MOJYIMPOBOJHHUKOB |V
IpynIbl HAMH C KCIIOJIB30BAaHUEM METOJIa AMITMPHUUYECKOrO TCEBAONOTEHIIAIA
OBLITM TIPOBEJIEHBI PACUEThl SJIEKTPOHHOU CTPYKTYpPBHI CEPUM TeKCaroHaJIbHBIX U
poMbo3aprueckux moaudukamuii (2H, 4H, 6H, 9R, 15R, 21R).

Ha ocHoBaHuM pe3ynbTaTOB pacueToB OBUIM CHENAaHbl CIEIYIOUIUe
BBIBOJIBI.  Bo-mepBBIX, Bce paccMOTpeHHble ¢a3bl  SISN  SBISIOTCS
HenpsiMmo3oHHBIMU. [lo Bcelt BuauMocTH, HeOONbINAs A0JS MpPUMECH SN B
TBEPZOM pacTBope SiSN He OKa3bIBacT CYNICCTBEHHOIO BIIMSHHUS Ha U3MCHCHHE
30HHOM CTPYKTYpbl, B CpPaBHCHMHU C KpPEMHHEBOW. MHHUMYM 30HBI
IPOBOJUMOCTH COXpaHseTcs BONM3M Wil B Toi ke Touke M (7/a,0,0) ma
rpaHuile 3006 bpumtrosna, kak u B 9R-SI [5] Bo Bcex rekcaroHanbHbIX (hasax.
OtMetuM, 4TO B Tipejene Kyomdeckod (asel Touka M mepexomut B TOuky X,
BOJIM3H KOTOPOI HAXOIUTCS MUHHMYM 30HBI ITpoBoaAuMOCTH B 3C-SiSn.

Bo-BTOpBIX, yBEIMYEHUE CTENEHU TE€KCAarOHaJIbHOCTH 3JIEMEHTAPHOU
AYEUKU MPUBOJUT K YMEHBIICHUIO MIUPUHBI 3alpPEIICHHON 30HBI (HEMPSMOL).
OOmiast TeHJEHIMSI 3aKJI0YaeTcs B TOM, 4YTO TIOBBIIICHHE CTEMEHU
rekcaroHasibHocTH OT Hyns (3C-SiSn) no emmuunsr (2H-SiSn) mpuBomut K
YMEHBILICHUIO [IHPUHBI 3alpEelIeHHON 30Hbl. AHAJOTM4YHAsl TEHIEHUHUS
HaOMIOMaeTcss M IS TMPSIMOW DHEPTeTUYECKON IMIENH: YMEHbBIICHUE ITUPUHBI
MpSIMOM SHEPTreTUYECKOW IENId C YBEJIUYEHUEM CTENEHU TIeKCaroHaJbHOCTH.
Kpome Toro, pasHuma Mexay nOpsSMOW M HEOPSAMOW WIEISMH OKa3bIBAETCS
MEHbIIIE B cllydae OOJbIIe CTENeHUW TIeKCaroHaJIbHOCTH Marepuana, T.e.
reKCcaroHajgu3alusi B HEKOTOPOM pOJI€ NPUBOAUT K BBIIPSIMIICHUIO 30HHOU
CTPYKTYpPBI MaTepHaia.
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PaGoTta Obla BBITIONHEHA MPU TMOJACPKKE MHUHUCTEPCTBA HAyKH W
BhIciIero oopasosanus P® (roczaganne FSWR-2023-0052).

. C. Rodl, T. Sander, F. Bechstedt, et al., Phys. Rev. B.92, 045207 (2015).

. C. Raffy, J. Furthmuller, F. Bechstedt, Phys. Rev. B.66, 234 (2002).

3. J. Bandet, B. Despax, M. Caumont, J. Phys. D: Appl. Phys. 35,
234(2002).

4. A.A. Yuxosa, A.Il. T'axynuna, K.P. Myxamaruun u ap., Hanodusuka u
HaHo3NekTpoHuka. Tpyasl XXVII MexnyHapogHOro cummosuyma. 2.
Hwxnnit Hosropoa: Msa-so UII® PAH, 2023. C 630.

5. A.A. Nikolskaya, D.S. Korolev, A.N. Mikhaylov, et al., Appl. Phys. Lett.

113, 182103 (2018).

N -
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JE®EKTHI B h-BN: PACUETHI U3 ITEPBLIX ITPUHIIUIIOB

P.M. JlatemoB, C.A. Co3sikun, B.11. beckauko
FOoicno-Ypanvckuii cocyoapcmeennsiii ynugepcumem
(HAYUOHALHBILL UCCIe008aMENbCKULL YHUGepcumem), Yensaounck
E-mail: latypovrm@susu.ru

Uctounuk omuHouHbiX ¢GoToHOB (MOD) sBasercs KpaeyrojbHbIM
KOMIIOHEHTOM YCTpPOWMCTB KBaHTOBOM (oroHuku. B mocnegnee Bpems B
KauecTBe IMepCHneKTHBHBIX MarepuanoB jnsi  HMO®  paccmarpuBarorcs
JIBYMEpPHbIE MaTepuaibl TUMA TIpadeHa, BBUAY HMXYHUKAJIbHBIX ONTUYECKUX H
AJNIEKTPOHHBIX CBOMCTB, a Takke BO3MOXHOcTHUpazMelleHuss Ttakux HMOD B
MHTErpayibHBIX cxemax [1]. CylmecTByeT HEMajao TEOpEeTHUECKUXMOJACTCH ¢
ONMKMCAHUEM MUKPOCKOIUYECKOTO CTPOCHHUS M AJIEKTPOHHOU CcTpykTyphl MOD
[2,3], onHako WX CrpaBeTUBOCTH MOKA KCIEPUMEHTAILHO HE MpPOBEpEHa, 3a
UCKJIIIOYEHUEM TOT0, YTO BO3MOXXHOCTh TIE€HEpalMd OJIMHOYHBIX (POTOHOB B
TaKUX MaTepHaliaX CBS3aHA C MPUCYTCTBHUEM KOMILJIEKCOB TOUEUHBIX AE(PEKTOB.

Iekcaronaneubpii  HUTpUA Oopa (h-BN)  Beigensercs w3 2D-
MaTepHAaIOBIIMPOKON 3anpelneHHoN 30H0H (00510 6.0 3B [4]) 1 cTOCOOHOCTHIO
reHepupoBaTh OJHOGOTOHHOE H3IyYEHUE MpPU KOMHATHOW TeMmIeparype B
yIbTpadUoNIeTOBOM M BUAMMOM 4aCTAX CHEKTpa. B KauecTBe MOTEHIIMAIBbHBIX
marepuaios s MOD Owuin BeIOpaHbl cTpykTyphl h-BN, conmepikainue pasubie
[0 CTPOEHUIO U COCTaBYy KOMIUIEKCH JedekToB: 1) 3amemaromuii yriepon +
BaKaHCHS a30Ta, 2) a30THBIM aHTUY3e] + BaKaHCHS a30Ta, 3) JiBa 3aMEIIaroIInX
aToMa Kucjaoponxa + BakaHcus asora [5]. Moaenn 3TUX CTPYKTYyp H3Yy4alIUCh
METOZaMHi T€OpUH (PYHKIMOHANA IEKTPOHHON INIOTHOCTH, PEAIM30BaHHBIMU B
nakete VASP, ¢ ucnonp3oBaHueM npuOiIMkeHus: 00001EHHBIX TPAAUEHTOB 1JIs
OOMEHHO-KOppeIAHMOHHOrO  (yHKIMOHana. Pacuerbl mokaszanu, 4YTo B
OPUCYTCTBHHM PAacCMOTPEHHBIX AeekToB B 3amperienHoit 3ome h-BN
BO3HUKAIOT JHEPreTHYEeCKHEe YPOBHH, O0OECIEeUYUBAIOIIME  BO3MOXHOCTb
reHepaIuy OAMHOYHBIX (hOTOHOB. ClieyeT OTMETUTD, YTO e eKThl Buaa 2) u 3)
UMEIOT BBICOKME OHHEPrMM o00pa3oBaHus U B HUX (POHOHHBIX CIEKTpax
IPHUCYTCTBYIOT OTPHULATEIBHBIE YACTOTHl. DTO O3HAYAET, YTO IMOSIBICHUE TaKHX
Ie(pEeKTOB TEPMOJMHAMUYECKH MAaJIOBEPOSITHO, W OHM, CKOpee BCEro,
MEXaHUYECKU HEYCTONYMBBI.

1. S. Michaelis de Vasconcellos, D. Wigger, U. Wurstbauer, et al., Phys.
Status Solidi B, 259, 2100566 (2022).

2. L. Weston, D. Wickramaratne, M. Mackoit, et al.,Phys. Rev. B 97, 214104
(2018)

3. C.Jara, T. Rauch, S. Botti, et al.,J. Phys. Chem. A125, 1325-1335 (2021)

4. G. Cassabois, P. Valvin, B. Gil, Nat. Photonics 10, 262-266 (2016)

5. S.A. Tawfik, S. Ali, M. Fronzi, et al., Nanoscale 9,13575-13582 (2017)
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JIIOMUHECIEHTHBIE CBOMICTBA BUCMYTTEPMAHATHBIX
CTEKO/JIL, JIETMPOBAHHbLIX OKCHUIOM TVYJINA

K.C. Cepkunal, M.B. Crenanosa!, A.B. Kopons!, O.B. Kussskonal,
D.C. Cekrapos?®, K.H. bonasipes?
LPoccutickuil xumuxo-mexnonoeuueckutl ynueepcumem um. .M. Menoeneesa,
Mockea
2Uncmumym cnekmpockonuu PAH, Tpouyx
E-mail: serkina.k.s@muctr.ru

BucmytrepmanaTtHsie CTEeKJIa MPOSIBIISIOT IIUPOKOTIOJIOCHY O
JIOMUHECIICHIINIO B OJMIKHEM WHGPAKpaCHOM JUara3oHe, YTO IO3BOJISET
paccMaTpuBaTh HMX B KaueCTBE TMEPCHEKTHBHBIX CpeJ M1 ONTHYECKOIo
ycuneHus: [1]. VICTOYHMKOM AaHHOM JIFOMHHECIHEHIIUH CIy)KaT BUCMYTOBBIC
aktuBHbIE LIEHTPHI (BALL), obnafaroue cnoxHON KOMILIEKCHOW CTPYKTYpOH, B
OCHOBE KOTOPOM JIe’)KaT MOHBI BHUCMYyTa B HHM3KHX CTENEHSAX OKucieHus [1].
Beenenue uoHoB TM3* B cocTaB CcTeKON CIIOCOOCTBYET —pPACLIMPEHUIO
CIIEKTPAJIBHOTO JTUara30Ha JJIOMUHECIICHIIUN, TTOCKOJIbKY MHAuBHAyalbHas MK -
JIOMUHECIICHIINS JAHHBIX HMOHOB HAaXOJMUTCSHA JUIMHHOBOJIHOBOW TpaHMUIIC
JFOMUHECIICHIIMA BUCMYTIepMaHaTHbBIX CTEKOI [2].

lenbto HacTOsAmEer pabOTHl SBISJIOCH HCCIEIOBAHUE CIEKTPAIBHO-
JIOMUHECIIEHTHBIX XapaKTEPUCTUK BUCMYTTEPMAHATHBIX CTEKOJ, JISTUPOBaH-
HBIXOKCUIOM Tysiusg. OOBEKTOM HcCIeA0oBaHUs ObUIM CTEKJIa MOJIBHOTO COCTaBa
10Bi,03-85Ge0,-5Na,0 u 95Ge0,-5Na,Oc nob6asiaenmem 0,01-0,1 mom.%
Tm,0O3 ceepx 100 %. CrieKTpbsl ONTHYECKOTO MOTJIOMIEHUS PErUCTPUPOBAIM HA
cunektpodporomerpe JASCO V-770 B nmanazone 300-2700 uM. CHexTpsl
moMuHeceHun 3anucbkiBain Ha MK-®ypse-ciektpomerpe IFS 125HR npu
BO30YXKICHUU TUOAHBIMU JIa3epaMuc JiuHaMu BoJIH 520 u 808 HM.

Cnextpsl MOTJIOUIEHHUS BUCMYTCOJIEPKAUUXCTEKOI cozepKar
XapakTEepHYIO Ui BUCMYTOBBIX AKTHUBHBIX IIEHTPOB IIHPOKYIO IMOJOCY B
ob6mactu 500 HM, HHTEHCUBHOCTh KOTOPO# BO3pacTaeT mpu jodasieHun Tm03,
YTO MPEANOI0KUTENBHO CBSI3aHO C yBeandeHueM konuuectsa BALl u copepxar
TOJIOCHI TToTJIomeHnss HoHoB TM3* Ha 685, 785, 1210 u 1670 HM, CBSI3aHHBIE C
nepexogamu °Hg — 3F3, 3Hs — 3Hs, 3He — *Hs u *Heg — 3F4, cooTBeTcTBEHHO.
CrieKkTpbl TOTJIONIEHUS CTEKOI 0e3 BUCMyTa HE MMEIOT TOTJIONIEHUSI B 00J1acTh
500 aMm.

CrexTpsl JIIOMUHECIIEHIIMA CUHTE3UPOBAHHBIX CTEKOJI COJEPHKAT MOJIOCHI
moMmuHecueHunun B auanazone 1000-2500 um, accouuupoBanHbsie ¢ BAILL u
Tm3 B cepun 10Bi,03-85Ge0,-5Na,O mmu toneko ¢ Tm*" B cepun 95Ge0,-
S5Na 0. CpaBHUTENBHBINA aHATN3 TOKAa3aj, YTO B BUCMYTCOJIEPIKAIIUX CTEKJIAX
NPOMCXOAUT 0OMeHHOe B3anmojeiicteue BALl«<>Tm?3", nanpasnenue KoToporo
3aBUCHUT OT JJIUHBI BOJHBI BO30OYXKIEHUS U KOHIIEHTPAlMU aKTUBATOPOB.

1. M. Peng et. al., J. Phys.: Condens. Matter,21, 285106 (2009).
2. X. Song et. al., J Non-Cryst Solids,557, 120575 (2021).
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CYBMUKPOHHBIE IMOJIMKPUCTAJIVIMYECKHUE CJION GESN
JUIL MUKPOSJIEKTPOHUKHU

AM. Turosa®, B.I'. llerrypos?, B.JO. Yankos?, A.A. Kyzxpun?,
I0.H. By3biaun?
YHuoicezopodckuii 2ocydapcmeennwiii ynusepcumem um. H.U. Jlobauesckozo,
Huoicnuii Hoseopoo
2Uncmumym ¢uszuxu muxpocmpyxmyp PAH, Huocnuii Hoeézopoo
E-mail: asya_titova95@mail.ru

[Honukpucramnuueckue ciou GESN ¢  BBICOKUMH TPaHCHOPTHBIMU
napaMeTpaMi, BBIPAIlEHHbIE Ha JTUAJNIEKTPUUECKHX MOJJI0KKAX, MPUBIEKAIOT
BHUMaHUE HMCCIIEIOBATENECH B CBSI3U C BO3MOXKHOCTBIO CO3JaHUSI Ha MX OCHOBE
AJNIEKTPOHHBIX YCTPOMCTB CIIEAYIOIIETO IMOKOJEHUSl, TAKUX KAaK MOHOJIUTHbBIE
TPEXMEPHbIE UHTETPATIbHBIE CXEMbI U KUIKOKPUCTAITUYECKUE AUCTIICH.

OcHoBHOI npobnemoit npu pazpadbotrke M/III-Tpan3ucrtopa Ha OCHOBe
NOJMKPUCTAJUIMYECKOTO CJI0SI  SBJISIETCSl HH3Kasg MOABMXKHOCTb HOCHUTENEeH
3apsija.

B Hacrosimiee BpeMs BeIyTCsl aKTHBHBIE HCCIEIOBAaHUS IO pa3padOTKe
NOJIMKPUCTAJUIMYECKUX CJIOEB HOBBIX MaTepualioB ¢ 0Oojee BBHICOKUMHU
NEeKTpoU3NYeCKUMU MapamerpamMu. B wacTHocTH, OonblIoil  HMHTEpec
BbI3bIBAIOT TUIeHKKW GeSn. Jlo6aBnenue Sn B pemieTky Ge mpUBOAUT K MEHbIIICH
s¢dekTUBHON Macce U 0OJIbIei MOIBHKHOCTH HOCUTENIEH 0 CPaBHEHHIO ¢ Si
u Ge.

B nanHoit pa®oTe npuBeneHbl pe3yJIbTaThl UCCIEI0BAHUMN MTpoIlecca pocTa
meronom HW CVD cTpykTypHBIX, MOPQOJOTHYECKUX M IIICKTPUIECKHUX
CBOMCTB  TOJNUKpUCTAUIMUECKMX  cimoeB  (GESn,  BbIpallleHHBIX  Ha
TUAJICKTPUUIECKUX MOJJIOKKAX TTPpH HU3KO0M Temiiepatype (meHee 300 °C).

B pabGore mnpuBeneHbl JaHHBIE O CTPYKTYpPHOM COBEpIICHCTBE,
MOp(}OJOTUM TOBEPXHOCTH U TPAHCIOPTHBIX CBOMCTBax (MOJIBHIKHOCTH
HOCHTEJEH, IPOBOMMOCTD ) IMOJUKPUCTALTHYECKUX IIeHOK GeSn.

[IpuBeneHsl  pe3ynbTaThl HCCIAEAOBAHUS  3aKOHOMEPHOCTEH  pocTa
MOJIMKPUCTAJUIMYECKUX TUICHOK GeSN Ha KpeMHUEBBIX MOMJIOKKAX, MOKPBITHIX
cimoem SiO,. Ykazanbsl ycioBusi pocta u In Situ nerupoBanus B mporecce HW
CVD cnoeB ¢ TpeOyeMbIMU BBICOKMMH MTapaMEeTpaMHu: MOABMKHOCTh HOCUTETIEH
seire 100 cM?/B-c.

PaGota BrimonHeHa npu noaaepxke rpanta PH® Ne 23-22-00156.
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CPABHUTEJILHBIN AHAJIN3 CITEKTPOB OIITUYECKOI'O
[MOTJIOEHUA ®YJIJIIEPEHOB CUMMETPUU Dy,

A.N. Mypzames, C.K. ITaiimepoB
Mapuiickuii 2cocyoapcmeennulii yHusepcumem, Howkap-Ona
E-mail: paymerov@mail.ru

B pabGorax [1, 2] Obum pa3paboTaHbl METOJAbl  BBIUYUCICHUS
sHepreTudeckoro crekrpa (3C) QynnepeHoOB U yIIepoAHBIX HaHOcHCTeM. B
CBSI3U C TEM, UTO HE CYIIECTBYET MOJHOCTHIO alpOOUPOBAHHBIX U MPOBEPEHHBIX
MeTos10B u3MepeHus: 9C, BOZHUKAET BOIPOC O COOTBETCTBUM MPEACTABICHUN U
MoOJeNe, B pamMKax KOTOpbIX BbruucieHbl OC, ¢GU3NYECKONW pPealbHOCTH.
[IpaBusIbHOCTH MOJIENIEH W TPEACTABJICHUN, HA OCHOBE KOTOPBIX BBIUHUCIICHBI
OC, MOXHO TPOBEPUTH JIMIIb IMyTEM CpPaBHEHUS (UBUYECKUX BEIUYUH U
XapaKTePUCTUK, BBIYUCICHHBIX B paMKax »JTHUX MOJENIEeH, C DdKCHepu-
MEHTaJIbHBIMH JaHHbIMU. Hanbornee pacnpocTpaHEHHON XapaKTepUCTHUKON
byiiepeHoB, U3MEpSIeMOI TMOCIe WX CHUHTE3a, SBISETCS CIEKTP ONTUYECKOTO
noryomieHust (COIT). OueBuano, COIl, ecnu He paccmaTpuBaTh KoJieOaTeIbHBIC
MOJABI, HampsAMyr  (OpPMHUPYETCS  ONTHYECKUMH  TMEpeXofaMUu  MEXIy
DHEPreTUYECKUMH YpPOBHSMU. 3Has TpaBWjia oTOOpa ISl ITHUX TEPEXOJIOB,
MokHO cmogenupoBaTh COII, cpaBHEHHE KOTOPOTO C IKCIEPUMEHTAIbHBIMU
JAHHBIMU TIO3BOJIUT CYJIUTh O MPABHJIBHOCTH BHIOPAHHOW MOJENIM, HA OCHOBE
KoTopoi BeiuuciaeH OC, 4yto Obulo caenaHo B paborax [3, 4]. Kpome toro, B
psle CiaydaeB TaKo€ CpaBHEHHE MOXKET TO3BOJIUTh HACHTUPHUIIMPOBATH
CUHTE3WPOBAHHBIM HW30MEp B COOTBETCTBUM C ATiacoMm ¢yiuiepeHoB [5].
HenocratkoM BbIIIECKAa3aHHOTO SIBISIETCSA TOT (PAKT, UTO HET MOJTHOM SICHOCTH B
NOHUMAaHUH HE3bI0JIEMOCTH TIpaBmil 0TOOpa. Cpeau HEKOTOPBIX HCcieoBaTeNen
XOJSAT CYXKJIEHUS TUTIA: eClu nepexoobl 3anpeujensl npasuiamu omoopa, mo He
0053amenvbHO, 4mo 3mu nepexoovl He umerom mecma 8 peaivHocmu. Takxke B
paMKax ONMUCAaHHOTO BBHIIIE METOJIa HE YJAaeTCid YCTAaHOBUTh HMHTEHCHUBHOCTD
TOTO WJIM WMHOTO TIEPEX0/a, YTO OUYEBHUIIHBIM OOpa30M BBI3BIBAET COMHEHHS B
noctoBepHOCcTH KpuBbIX COII, mony4YyeHHBIX yKa3aHHBIM BbIlIE METOAOM. JlJid
pemeHnus O2TOW 3amadyd  HaMmHM  pa3paboran  wmeron BbramcieHus COII
HEMOCPEJICTBEHHO METOJaMHM KBAaHTOBOW TEOpPUM MOJA. s 3TOM LENIu MbI
BOCIIOJIB30BANIMCHh W3BecTHOU (Gopmymnoir P. Kybo mns TeHzopa onmTudeckoi
MIPOBOJIMMOCTH, OITyOJIMKOBaHHOW B pabore [6], Bepaxkaromeir COII yepes
IByx4yacTH4Hyro (¢yHkuuio ['puna. B mpencraBmeHHoit Hamu  pabote
cmonenupoBanbl COIT m3omepoB QymiepeHoB cummerpud Dy, ¢ ucmons-
30BaHHEeM TMpaBuil otOopa u mo (opmyne Ky6o. CpaBHeHHE TeOpeTHUYECKHUX
kpuBblX COII BbIlIeyKa3aHHBIX M30MEPOB, MOJYYEHHBIX C MOMOUIBIO MPaBUII
orbopa m mo dopmyre Ky6o, ¢ skcmepumeHTanbHbIMU KpuBbiMH COII,
JEMOHCTPUPYET SKBUBAJEHTHOCTHh ABYX MOAXOJOB (C MPUMEHEHHEM IpPaBHII
oroopa u mo Qopmyne Ky0Go) nms wm30MepoB BHINICYKAa3aHHOW TPYMITBI
CUMMETPUH.
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JIOMUHECHEHIUA ATOMAPHO-TOHKUX CJIIOEB INSE

JI.B. Korosa!, M. A. Enmucees?, B.P. bopoaun!, A.W. T'anumos!, M.B. Jlypues!,
IT.A. Anekcees!, M.B. Paximn?
Y@TH um. A.@. Hopghe PAH, Canxm-Ilemepbype
E-mail: kotova@mail.ioffe.ru

AKTHBHOE pa3BuThHe 2D-mMaTtepraioB NPUBENIO K MOSIBICHUIO HECKOJIBKUX
KJIaCCOB CJIOUCTBIX MaTepuaos. Haubonee MEePCTIIEKTUBHBIMHU
MOJYNPOBOAHUKAMH CUMTAIOTCS JAUXAJIbKOT€HUIbl MEPEXOJHBIX METAIJIOB
(ATIM) u wmonoxanbkorenuasl metawioB III rpynmer (M(IITA)X). AIIM
W3BECTHbl YHUKAJIBHBIMUA ONTHUYECKUMHU CBOMCTBAMU MOHOCIIOEB. B oTnuuune ot
HuX, MoHOocion M(IITA)X uMeroT HenpsMyro 3ampelieHHYH 30HY, KOTOpas ¢
YBEJIMUCHUEM KOJIMUECTBA CJIOEB MEPEXOAUT B mpsimyto mojocy [1]. Cnemgyer
OTMETUTh, YTO TpaHchopMmalus 30HHOU CTPYKTypbl HOCUT HE TOJBKO
KOJIMYECTBEHHBIN, HO U Ka4eCTBEHHBIN XapakTep. [lapabonuueckas nucmnepcus,
xapakrepHas s oobemHbix M(IITA)X, B MOHOCHOSX TpeBpamiaeTcs B
JTUCTIEPCUI0 «MEKCUKAHCKas muiAnay [2]. DTOT TUN JUCTIEPCUU NPUBOJIUT KO
MHOTHMM YHUKaJIbHbIM cBoMcTBaM [3]. OgHako, HECMOTps Ha 3HAYUTEIIHHBIN
pOrpecc B M3YUYCHUU CBOMCTB M HCIOJIB30BAHUM 3TUX MaTEpPUAIIOB, TOYHOE
komnuectBo cinoeB M(IITA)X, mpu KOTOPBIX MPOUCXOJIUT TEPEXOJ| MIUPHUHBI
3alpPEIIEHHON 30HbI OT HEMPSIMOU K MPSIMOW, HE OonpeAeacHo. MOHOCION UMEET
HEMpPSMYIO 3alpelieHHYI0 30HYy THUIIA «MEKCUKAHCKOM IUISIIbDY, a Mocie
TonmuHbl ~10 CclIoeB OHa CTaHOBUTCS MPAMON 30HOW [4], OJHAKO TOYHBIM
MOMEHT IE€PEX0/1a OCTAETCSI HEU3BECTHBIM.

[IpoBeneHo skcrepuMeHTaIbHOE UCCleIOBaHne TOHKUX cioeB B-InSe mis
omnpenesieHus] KoaudyecTBa cioeB InSe, mpu KOTOPBIX MPOUCXOAMT MEPEXOI K
OPSIMO30HHON CTPYKType. TONIMMHY HCCIENyEeMbIX YEIIyeK OINPEesioT C
NOMOIIIbI0 ATOMHO-CWJIOBOM MHMKpOCKONUU. Mcronp30BaHUE HU3ZKOTEMIIE-
patypHori u-®JI mo3BonmiIo OOHAPYXUThH TOIIIMHY, TP KOTOPOW BO3HUKAET
(bOTOMIOMUHECIICHIINSI, CBA3aHHAsI C MIPSMBIM MEX30HHBIM TepexoqoMm. Paborty
BBIXOJIa Y BU3yaJIM3ALUI0 U3MEHEHHS SJIEKTPOHHBIX CBOMCTB HAHOCTPYKTYp Ha
ocHoBe InSe wuccnenoBanmu ¢ mnomoibio KenbBUH-30HAOBONH MHUKPOCKOIHH.
[TokazaHo, 4YTO MOMEHT TOSBICHHS (OTOTOMHUHECIICHIIMU COOTBETCTBYET
CKauKy pa0oThl BbIXOJA TMpU ToNIIMHE § chnoeB. TakuM oOpazoMm,
AKCIIEPUMEHTATBFHO YCTAaHOBJIEH MOMEHT TpaHC(hOpMAIMK 3arpenieHHON 30HBI,
YTO JaeT BaXKHYIO HH(POPMAIIUIO JJIs U3TOTOBIICHUS YCTPOUCTB HAa ocHOBE InSe.

Pa6ora Beimoaena npu nojanepxxkke PH® (rpant 24-22-20059).

1. Y. Guo, J. Robertson, Phys. Rev. Materials. 1(4), 044004 (2017).

2. V. Zolyomi, N. D. Drummond, V. I. Fal'Ko, Phys. Rev. B 87 (19),
195403 (2013).

3. A. V. Lugovskoi, M. I. Katsnelson, A. N. Rudenko, Phys. Rev.
Letters. 123 (17), 176401(2019).

4. D. V. Rybkovskiy, A. V. Osadchy, E. D. Obraztsova, Phys. Rev. B 90
(23), 235302 (2014).
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SAIINCH ABYJIVUEIIPEJIOMJIAIOIINX CTPYKTYP C BLICOKMM
SHAYEHUEM ®A30BOI'O CABUI'A B HAHOIIOPUCTOM CTEKIJIE

C.M. Cronkun, A.C. JInnarees, FO.B. Muxaiinos, C.C. ®engoros, U.C. I'nedos,
B.H. Curaes
Poccutickuii xumuxo-mexnonoeuvweckutl yHugepcumem
um. J[.U. Menoeneesa, Mockea
E-mail: stopkin.s.i@muctr.ru

ITon neiictBuem cdokycupoBaHHbIX (eMTocekyHIHbIX (DC) nazepHbIX
HUMITYyJIbCOB B O0BEME KBApILIEBOIO CTEKJIAa MOTYT OBITHC(OPMHUPOBAHBI TEPHO-
JIMYECKHE CTPYKTYpbl (HAHOPEIIETKH), KOTOPhIE OO0JAaJal0T JBYJIydYElpPesIoM-
neHueM (OpMBI, 3aBUCSIIMM OT TapaMeTpoB JjasepHoro myuka [1]. s
0o0pa30BaHUsl HAHOPEHIETOK TPEOyeTCs] 3HAUMTENBHOE KOJUYECTBO HMITYJILCOB.
HenasHo Obu10 MpoieMOHCTpUPOBaHO Oosiee ObICTpoe 00pa3oBaHUE B KBAPIIEBOM
CTEKJIC APYTUX JABYIYUYEHPEIOMIISIONIUX HAHOCTPYKTYP, KOTOPBIE, OAHAKO, UMEIOT
HHM3KYI0 BennuuHy (hazoBoro casura [1]. B qanHo# paboTe n3ydeHbl COOTHOIICHUS
MEXKJIy CKOPOCTBIO 3alMCH M BEJIMYUHON (Pa30BOrO CIBUTA B HAHOMOPUCTOM
BbICOKOKpemMHe3emucTtoM  crekiie  (HIIC) B ycinoBusix  HU3KOANEpTypHOU
(OKYCUPOBKH JIa3epHOTO ITyYKa.

Jlns 3amucu B oboveme HIIC nBymyuyenpenomisiomuyx IJIACTUH B BHUJIEC
OJIHOCJIOMHBIX IJIOIIAJ0K W3 MHapajuieabHbIX JUHUKM pazMepamu 300x300 mxm
ucronn3oBanca®@CiaazepPharosSP, pabotarommii Ha imHe BoiHbl 1030 HM.
OHeprus umiyibca u3mensiack ot 400 go 1800 v/K, ATUTEILHOCTH UMITYJIBCOB
cocraBmsuia 180 ¢c. Jlazepnsiii myu dokycupoBaics achepuueckod JMH30M ¢
yucioBoi aneptypoit 0,16, CKOpOoCThb CKaHMpPOBAHHUS JIA3€PHBIM  ITyYKOM
m3Mmensiachk ot 1 10 100 Mmm/c. Da30BbIii CABUT ABYITYUYETIPETIOMIICHUS] U3MEPSLITH C
nomoInbeo Mukpockorna OlympusBXS51 ¢ coBMeIeHHBIM aHAIN3aTOPOM CIEKTpa
YOKOGAWAAQG6370D no meTouke, ormicanHo# B paboTte [2].

YcraHoBieHo, yTo BeianuuHa ()a30BOTO CABUra yBEIUYHUBAETCS C POCTOM
SHEPrUHU HMMITYJIbCA M YacTOThI MTOBTOPEHMS], @ TAKXKE C YMEHBIICHHEM CKOPOCTH
CKaHUpoBaHMA. MakcuMaiabHOe 3HaueHHe (azoBoro casura coctaBwio 1190 HM
(2.31 © pan) Ha nqnune BoaHbl 1030 M. HIIC B cpaBHEHHH € KBapUEBBIM CTEKIOM
MO3BOJISIET CYIIECTBEHHO YMEHBIIWUTh BpEMsI 3allMCH, TaK KaK MaKCHUMAalIbHO
JTOCTIDKAMBIA ~ (Da30BBIM  CABUT  OJHOTO  JIBYJTYUYEHPEIOMIISIIOIIETO  CIIOS,
3aMKMCAaHHOrO B KBapIIEBOM CTEKJIE, HE npeBbimaeT 300 HM MpHU TeX ke YCIOBHSIX
doxycupokn OC myuka.

B kauectBe nemonctpanuu nepcrnektuBHoctd HIIC nnst maszepHoid 3amucu
M3rOTOBJIEH KOHBEPTEP JIMHEWHON MOJISIPU3AUUUB PAIUAIbHYIOAIS H3IYYEHHS C
mmHo# BoyHbI 1030 HM, nMeromuid (pa3oBbI CABUT B TOJIOBUHY BOJIHBL. Bpems
3aMycy KOHBEpTepa AMaMeTpoM 6 MM COCTAaBUJIO 2 4, a IPOMYCKaHUE KOHBEpTEpaA -
88% (mpu mpomycKaHWK UCXOIHOTO oOpasiia creksia 90%).

HccrnenoBanusi BBITIOTHEHBI TpU (pUHAHCOBOM momuepkke Poccuiickoro
Hay4HOTO (oHma (TpanT Ne 22-79-10231).

1. Y. Lei etal., Opt. Mater. Express 12, 3327-3355 (2022).

2. A. Messaadi et al., J. Eur. Opt. Soc.-Rapid Publ.12, 1-9 (2016).

31


mailto:stopkin.s.i@muctr.ru

3AIUTHBIE ITOKPHITUSA Y3JI0B PAJTMODJIEKTPOHHOM
ATITIAPATYPBI TEXHOJIOTMEN ATOMHO-CJIOEBOI'O OCAJXKJIEHUS

A.B. JIposxt, B.E. JIpo3n*?, B.S1. Kpyrnukos!, A.Il. bapa6an?
L Cesepnouii Ilpecc, Canxm-Ilemepbype
2Canxm-Ilemepbypeckuti 2ocyoapcmeennwiii ynusepcumem, Canxm-Ilemepbype
E-mail: adrozd93@mail.ru

OnHol U3 aKTyalbHBIX 33/1a4 B COBPEMEHHON HAHOZJIEKTPOHUKE SBIISIECTCS
CO37laHM€e 3alUTHBIX CJIOEB OT BHEIIHUX BO3JEUCTBYIOIIUX (DAKTOPOB JIJIS y3JI0B
pananodyieKTpoHHOM ammaparypel  [1, 2]. TexHomorus aTOMHO-CIOEBOTO
ocaxxaenuss (ACO) mno3Bossier (opmupoBarh KOH(POPMHBIE, PaBHOMEpPHbIE
MOKPBITHSA C TOYHOCTBIO JI0 J10JI€l HAHOMETpa, YBEIMUMBAs 3KCIUTyaTallMOHHbIE
XapaKTePUCTUKH PaMOdJIEKTPOHHOM anmaparypsl.

B nanHoii pabore B KayecTBE y3ja pPaJAMO3JIEKTPOHHOM armapaTyphbl
HCIIOJIb30BAJIaCh KepaMuueckas miara Ha nojaukope BK-100 60x48x1 (Puc. 1).

Puc. 1. OkucneHHas muieBas 1 SKpaHHas 4acTh TIaThl (A) M HEOKUCIICHHAS JIMIIEBast
1 3KpaHHast 4acTh IUIaThl ¢ 3amuTHBIME citosvu 30 HMALLO3 (B).

OnTuMalbHBI  peXUM I HAHECEHUS 3allUTHBIX CJIOEB OKCHJA
aTIOMHUHHUS  COOTBETCTBOBan TeMmreparype cuHre3a 200°C. B kauecTBe
MIPEKYypCOPOB OBUIM BHIOpAHBI TPUMETHJIATIOMUHMA W Bojaa. JmuTenbHOCTH
HMMITYJIbCOB HaIyCKanpeKypcopoB cocTtaBuiau 0,2 ¢ UITUTEIBHOCTH YIAJIEHUs
M30BITOYHBIXIIPOIYKTOB PEAKIIUU COOTBETCTBOBAIM S5 €, TpHU ITOM OBLIO
npou3BeneHo 230 HHUKIOB MOBTOPHBIX MocieaoBaTenbHbIX onepauuii ACO nis
MOJIYYEHUs TONIIMHBI 3amuTHOTO TOKpbITUs 30 HM. JlaHHBIE 3alllMTHbBIC
MOKPBITUSL MMO3BOJIMIIM NPEAaTh IJIaTe€ aHTUKOPPO3UOHHBIE CBOMCTBA, a TaKkKe
YMEHBIIWIN MOTEPU B MUKPOIIOJIOCKOBOW JIMHUM Ha MOPSAOK MO CPAaBHEHUIO C
TPAAUIMOHHON TEXHOJOTHEH 3alllUThl — JAKUPOBAHUEM W JYKEHUEM MHPUIIOEM

I1OC-61.

1. O. CumoHOB, DneKkTpoHuKa, 8, 162-167, 2016.
2. AM. Cnymxos, B.I'. Manos, Ilarenr P® Ne2377266 «3ammuTtHoe
MTOKPBITHE IS TICYATHBIX TIIATY.
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XAPAKTEPUCTHUKU ATI-KOHBEPCMOHHOM JIIOMUHECLIEHITUN
OTOPUJHBIX IOMHUHO®OPOB MF; (M = Ca, Sr), JETUPOBAHHbBIX
PEJIKO3EMEJIbHBIMU NOHAMU Er** U Ho*

C.B. 'ymmn?!, C.B. Ky3nenos?, B.A. Konromxkun?, A.H. Haknanos?,
A.A. Jlamun?, B.JO. Ipoiinakosa?, I1.A. Pa6oukunal, ILI1. denopos?
Mopoosckuii 2ocydapcmeennuiii ynusepcumem um. H.II. Ozapéea, Caparck
2Uncmumym obwen usuxu um. A.M. Ilpoxoposea PAH, Mockeéa
E-mail: serg.guschin1703@gmail.com

ATI-KOHBEPCUOHHBIC JTFOMUHO(OPHI, JETHPOBAHHBIC PEAKO3EMEITbLHBIMU
(P3) wmoHamm, SBISAIOTCS TJIaBHBIM OOBEKTOM WCCIICIOBAHUS y MHOXECTBA
Hay4YHBIX Tpymi. biaromaps cBoMM OCOOCHHBIM ONTHYECKUM CBOWCTBAM, OHH
HAXOJSAT pa3IMuyHOE MMPaKTUUYeckoe npuMenenue [1, 2].

B mnacrosmeir pabore 0OBEKTAaMHU HCCICIOBAHHUS SIBISUIMCH KOHIICHT-
paIMoHHbIe Cepur (HTOPHIHBIX MOHOKPHUCTAJLIOB M IOPOIIKOB CO CTPYKTYPOWd
¢moopura MF-RF3 (R¥* = Er¥*, Ho*'). Monokpucramisl GbUIM BbIPAlIEHbI
METOJIOM BEPTHKAIBHOW HAINpaBICHHOW KpHCTauIM3aluu (METOaoM bpumk-
MmeHa). [lopomkyu OBLIM CHHTE3UPOBAHBI METOJAOM OCQXKJICHHS W3 BOJIHBIX
pacTBOPOB.

[lenpro paboOTHI SIBISIIOCH CPABHEHUE XAPAKTEPUCTUK all-KOHBEPCHUOHHOM
JTIOMUHECLIEHIIMU (PTOPUIHBIX MOHOKpUCTa/LUIOB U nopomkos MF-RF; (R =
Er¥*, Ho*) mnpu Bo3OyxmeHMHM ONMKHUM HUH(PPAKPACHBEIM  JIa3€PHBIM
u3nydyeHneM. MOHOKPHUCTAIIIIBI MIPEACTABISIOT COO0M 0oJiee KOHTPOIUPYEMYIO U
YeTKO OIpEACNICHHYI0 CHUCTeMy JUis (PYHIaMEHTaJbHBIX HUCCIEeIOBaHUN
MEXaHU3MOB an-KOHBEPCUOHHOUN mepenaun 3Hepruu. [lopomiku sxe sSBIsSIOTCA
0osee CIOXHBIM 00BEKTOM HCCIIEIOBAHUS 10 CPABHEHUIO C KPUCTAJUIAMH HM3-32a
Hanu4us pana Gaxkropos. Bo-nepBbIX, MOPOMIKK UMEIOT 3HAYUTEIHHO OOJIBIIYIO
IUIOIIA/Ib TTOBEPXHOCTH MO CPABHEHHIO C MOHOKPHCTATIAMU. JTO MPHUBOIUT K
0oJee BBHICOKOIM KOHIIEHTpAIlMU MOBEPXHOCTHBIX AC(PEKTOB, NEUCTBYIONIUX KaK
JIOBYIIKK JUISI SHEPTUU BO3OYXKIEHUS. OTH JePeKThl 00eCTeYMBAIOT IYTH
0e3bI3TyuaTeIbHON PeIaKcaIlu, YTO IPUBOIUT K MOTEPE SHEPTUU B BUJE TEILIa.
Bo-BTOphIX, paccesHue cBeta 0oJiee BHIPAXKEHO B MOPOIIKAX M3-3a CIy4ailHOTO
PACIONIOKEHHSI M PA3IMYHBIX Pa3MEpPOB YAaCTHIl. IJTO PACCESHHE YMEHBIIACT
sbdexTuBHyI0 IMHY TyTH (POTOHOB BHYTPH MaTepualia, yMEHbIIas
BEPOSITHOCTh TOTJIONMIEHNU (OTOHOB M, B KOHEYHOM HTOTE, CHIDKAs BBIXOJ
JIOMUHECIICHIINH. B-TpeTbUX, YacTHIBI TOPOIIKA WMMEIOT TEHACHIIMIO K
arJioMepanu, 4Yro eme  Oonblie  ycuiaumBaeT  3PGEKT  paccesHusl.
OpnHakoOHECMOTpPSI HA PsAJl OTPAHUYCHHM, MOPOIIKH MPEIaraloT MpeuMyIecTBa
C TOYKHU 3PEHUS MPOCTOTHI CHHTE3a U IKOHOMHYECKOU 3 (PEeKTUBHOCTH.

Takum o0Opa3oMm, BBIOOP MEXKIYy MOHOKPHCTAUIAMH W TOPOIIKAMHU
3aBUCHUT OT KOHKPETHBIX II€JICH UCCIIEIOBAHUS U MMPAKTUYECKOTO MPUMEHEHHSI.

1. X. Liu, H. Chen, Y. Wang et al., Nat. Commun.12, 5662 (2021).
2. A. Ghazy, M. Safdar, M. Lastusaari et al., Sol. Energy Mater. Sol.
Cells. 230, 111234 (2021).
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®OPMHNPOBAHME KOJJIONMJHO-XUMHUYECKUM METOJIOM
OJHODA3ZHOU MATPUILIBI SrAl,O4
KAK OCHOBbBI IJIA IIOMUHO®OPOB

H.B. Bapamaii!, I'.I1. lleBuenko?, F0.B. Boxmui?
Ynemumym ¢usuxu um. B.U. Cmenanoea HAH Benapycu, Munck
2HUU ¢usuxo-xumuueckux npobnem BI'Y, Munck
E-mail: n.varapay@ifanbel.bas-net.by

N3zyuenne coenmuenuii cuctembl SrO — Al,O3 mpezcraisier OOJBIIONN
WHTEPEC BBHJY TOTO, YTO OHU OO0JIAAIOT BSOKYIIMMH CBONCTBAMH, MOTYT
CITY)UTh (HOTOTFOMUHO(POpPAMH, a TAKIKE UCTIOIB3YIOTCS B KAUeCTBE MATPHIL JIJIs
aKTUBHBIX JIa3epHBIX cpel. B maHHOW cucTeMe BO3MOXHO (OPMHPOBAHUE
0O0JIBIIIOT0 KOJMYECTBA pa3HbIX MO cocTaBy ¢a3, a uMeHHO: Sr3Al,0s, SrAlOy4,
SI’A|407, SrAllgolg, SrzAleoll, SI‘7A|12025, SI‘4A|14025, Sr10A|6019, SI'12A|14033.
MonokauaHbIH 0-SrAlOs ABAsSCTCS YHUKAIBHBIM CPEAM APYTHX aTIOMHUHATOB
CTPOHITUS TE€M, YTO OH MOJKET MPOSBJIATH JIOMHUHECIICHIIMIO TIOJ BIUSHUEM
yapyrod jgedopManuu, 4dYTo TpeOyeTcs JUIsi COBEPIICHCTBOBAHHS — OITO-
MEXaHWYECKUX YCTPOMUCTB [1].

KomtongHo-XxuMUYeCKU METOJ CHHTE3a TPEJIIoJIaracT MepBOHAYAIbHO
MOJTyYCHHE BBICOKOJIUCIIEPCHOTO MPEKypcopa OCaXJICHHEM WCXOMHBIX pea-
TCHTOB TIOJIXO/ISIIIUM OCAIUTENIEM, a 3aTEM €T0 MOCIETYIOIIYI0 TEPMOOOPaOOTKY
[2]. UccnenoBanus mokasaid, 4to Ajs (GOpMHUpPOBaHUS OAHO(DA3ZHON MATPHUIIBI
SrAl;04 HEOOX0IUMO TPOBOANUTH OCAKICHHUE MPEKYpPCOpa BOIHBIM PAaCTBOPOM
aMMHaKa, UCIomb3ys JeasHyto 6ano (0 °C) U AByKpaTHBIH N30BITOK HOHOB Sr?*
(o otHomieHuio k crexuomeTpun SrO:Al,O3 = 1:1), 4To CBS3aHO C YaCTHUHOM
pacTBOPUMOCTBIO  oOpasyemoro ruapokcuga crponius (Sr(OH)2) mpu
koMHaTHOW Temneparype. Konrpons pH B unTepBanme 9,5 — 10 mo3BosseT
o0ecreyuTh KOJUYECTBEHHOE B COOTBETCTBUU CO CTEXHOMETPHEH OCaKIeHHE
noHoB Sr?** u3 pacteopa. TepM0ooOpabOTKy IIpeKypcopa IPOBOJAMTHECS  Ha
Bo3ayxe B ABa atana: 900 °C — 2 yaca, 3ateM 1500 °C 2 ygaca.

Nzyuenne JTAHHBIX peHTreHo(a30BOTO aHajau3a 00pasIos,
CUHTE3UPOBAHHBIX «TPAJAUIIMOHHBIM» — TBEpAO(Ga3HBIM METOJIOM, a TaK¥kKe
00pas3IoB, MOXYYCHHBIX ocaxaeHueM ruapokapoonatom ammonus (NHsHCO3)
UCXOIHBIX PEareHTOB, B3SATHIX B cTeXuoMeTpuieckoM cootHomeHuu SrO:Al,O3
= 1:1, u moxBeprmuxcs TEepMOOOPaOOTKE COTIACHO MPEIOKEHHON BHIIIIE
cxeme, TMokazano Hamuuue AByX (a3: moHoximHHOW SrAl,Os m xyOmdeckoit
Sr;Al0s. B nokiane OyayT pacCMOTPEHBI MpEeUMyIecTBa OAHOMA3HOU
Matpuibl SrAl;Os, moNy4eHHONW TO pa3paOOTaHHON METOAWKE /I CHUHTE3a
momuHodopoB Ha ocHose STAILO4: Cet, Mn?*,

1. JI.O. Kosnosa, xypHast Heopranmueckoit xumumn, 68, 12, 1722 (2023).

2. 10.B. bokmun, xypHan benopycckoro rocyJJapCTBEHHOI0 YHHUBEPCUTETA:
Xumus, 1, 74 (2017).
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CHUHTE3 U XAPAKTEPUCTUKUN HAHOYACTHUL] Y,03
JUIA TTIOJIYUYEHU A JIASBEPHOU KEPAMUKHN

A.C. AnekceeBal, B.M. Kamxun?, [1.A. Pa6oukuna®, H.}O. Ta6auxoBa?,
C.A. Xpymanunal
Mopoosckuii 2ocydapcmeennuiii ynusepcumem um. H.II. Ozapéea, Capanck
HUTY MUCuC, Mocksa
E-mail: aleksandraalekseeva0203@mail.ru

Hanouactuuel okcuaa uttpus (Y203) mpeactaBisioT coOod marepuad,
KOTOpPBIA HAxXOAUT NPUMEHEHUE B CO3JaHUM JIa3epHOM KepaMUKU. Ilopomku
OPEeKypcopoB  JODKHBI ~ 00Jajarh  BBICOKOM  XuMUYeckoll u  (a3oBoi
OJHOPOAHOCTBIO, A TAaKXKE MOHOJUCIEPCHOCTBIO M MaJlOl  CTENEHBIO
armomepauu. OAHUM M3 METOAOB CHHTE3a IOPOIIKOB, YAOBJIETBOPSIOIINX
JAHHBIM TPEeOOBaHMM, SBISETCS XUMHUUYECKOe cooocaxiaeHue [1]. DTotr meron
TAKXe OTJIMYAIOT MPOCTOTA U OTHOCUTEIBHO HU3KAas CTOUMOCTh. BakHy0 poJib
B Ka4eCTBE IMOJIy4yaeMOW KEpaMUKH WMIpaeT BHIOOP HCXOAHBIX PEareHTOB s
CHHTE3a MPEKYpPCOPOB, MOCKOIbKY HEKOTOpPbIE M3 HHUX MOTYT BIHATh KaK Ha
ONTUYECKOE KaueCTBO, TaK U Ha criekanue [ 1, 2].

B xone Hacrosimelt paboThl METOOM XUMHYECKOTO COOCAXKJICHHS OBbLIN
CUHTE3UPOBaHbl HaHOUACTHIIBI Y203 C MCMONIB30BAHUEM PA3IUYHBIM HUCXOIHBIX
peareHToB. B KauecTBe TaKOBBIX HCMOJb30BAIM HUTPAT U XJIOPUA HUTTpHS,
ocakjasi MX C TOMOIIBIO aMMHaka M TUAPOKCUAA HATpusl. BbUIM H3y4deHbI
Mopdoorust u ¢ha3oBblii COCTaB MOTYYEHHBIX 00Pa3IIOB.

BrIsiBIEHO, UTO MCIIONB30BAHUE B KAUECTBE UCXOIHBIX PEAr€HTOB HUTpaTa
uttpus U NaOH mno3Bomser mnomyuuth onHOGA3HBIE M MOHOIUCIIEPCHBIC
gactuibl. OJHAKO BO3MOXKHOE NPHUCYTCTBHE HOHOB Na* MOXET HEraTHBHO
CKa3aThCsl Ha CIIEKAHUU MTOPOIIKOB.

3amMeHa UCXOIHBIX PEAreHTOB Ha XJIOPHJA HWTTpUS U aMMHAK MOMKET
IPUBOINTL K 00pa3oBaHui0 B mopomike okcuga urrpus npumecu YOCI u
U3MeHeHHuI0 Mopdonorun yacTtuil. [IpennoskeHbl NPUYMHBI TOSBICHUS TPUMECH
M CIIOCOOBI MPEAOTBPAIICHUS €€ HATHYHA.

I. M.C. HuxoBa, A.A. KpaBuos, N.C. Yukynuna u np., HayuHo-
TEXHUYECKUH BECTHUK MH(POPMAIIMOHHBIX TEXHOJIOTUH, MEXaHUKHU U ONTUKH, 19,
(2019).

2. Ni Meng, Fabrication of er-doped sesquioxide laser ceramics and their
laser performance, Nanyang Technological University, Singapore, (2023).
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PA3PABOTKA BJIATOCTOMKNX BU3YAJIM3ATOPOB B OBJIACTU
NHO®PAKPACHOI'O U3JIYUHEHUA

A.C.Buxkees!, M.B. Kpemenenknii?, I1.A Pa6oukuna’, J[.A. Cksopuos?,
H.O. llla6pos’
Mopoosckuii 2ocydapcmeennuiii ynusepcumem um. H.II. Ozapéea, Capanck
2[10 «Ypanvckuii onmuko-mexanuueckuii 3a600 umenu J.C. Anamosay,
2. Examepunoype
e-mail: artem.bikeev.02@mail.ru

B mnactosimiee Bpems Jazepbl HIMPOKO MPUMEHSIOTCS JJISI Pa3IMYHbIX
MPaKTUYECKUX MPUMEHEHU: JIa3epHOM CBapke, HaIulaBke mpecc-hopm, pes3ke,
MapKHpPOBKE, TPABUPOBKE, 3aKaJIKe W TEPMOYNPOUYHEHHUIO, CICHIPUMEHEHUSX.
Jlnst mpoBeieHrs padoT ¢ Ja3epHBIMU UCTOYHHKAMH TpeOyeTcs X I0CTUPOBKA U
HACTpOMKa, KOTOpash MPOBOJUTCS MPU TMOMOIIA BU3YaIU3aTOPOB Ja3€pPHOTO
u3NlydeHus. BusyanuzaTopsl  MO3BOJSIOT  MPEOOpPa30OBLIBATH  U3IIyUYEHUE
ompkaero K- n Y®-amana3oHOB HENPEPHIBHBIX M UMIYJBCHBIX JIa3€pOB B
BUJIUMBINA CIIEKTPAJIbHBINA JMANa30H, YTO OOJier4aeT FOCTUPOBKY ONTHYECKUX U
JIA3ePHBIX CHUCTEM, BU3YaJM3aIlMI0 HEBUJIUMBIX ISITEH M3JIYUEHHUS OT JIA3epOB H
PEryJIUPOBKY MPOGUIIS JIa3ePHBIX TATCH.

B macrosimielr paGoTe mpeACTaBIEHBI PE3ybTaThl AKCIEPUMEHTOB C
BU3yanu3atopamu, paspadoranubiMu MI'Y wumenn H.IL. Orapésa, nns
JTaTbHOMEPOB, paboTalIMMX Ha pa3HbIX UMHAX BojaH 1,06 mxM, 1,54 MkwM,
1,57 MkMm.

BeuiM  mpoBeneHbl HKCCIENOBAaHMS BU3YaJIU3aTOPOB, MPEICTABIISAIONINE
co0olf monuMepsl € A00aBIEHHWEM IMOPOIIKOB, TOTYYEHHBIX W3 TBEPJBIX
pactBopoB  ZrO2-Er;O3z u mopomkoB Y203, MOTyYEeHHBIX METOJOM XUMUYE-
CKOI'0 COOCOXKIECHUSI.

[IpencraBieHbl pe3ynbTaThl UCHIBITAHUI, B XOAE KOTOPBIX OINPEAEIICHBI
CIEAYIOIIME TMapamMeTpbl BH3yalU3aTOPOB: HAJIUYHE JIIOMUHECLICHIMU B
BUUMOM 00JIACTH CIEKTpa B TEMHOTE U Ha pacCcTOsHUE 15 M MpHU OCBEIICHUH
U3JIydeHHE C OcBelmeHHOCThI0O 300 5K, 3HAYE€HHWE MOPOTrOBOM IIOTHOCTH
DHEPrUu, HEOOXOAMMOW i BO30YXKIEHHUS JIOMHUHECICHIIMH B BHIUMOMU
00JIaCTH CTIEKTPa ¢ UHTEHCUBHOCTHIO, 3aMETHOW HEBOOPYKEHHBIM TJIa30M.
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OPTICAL PROPERTIES OF TWISTED PHOTONIC STRUCTURES

E.S. Vyatkin, A.V. Poshakinskiy, S.A. Tarasenko
loffe Institute, St. Petersburg
E-mail: tarasenko@coherent.ioffe.ru

We discuss the optical properties of twisted photonic structures composed
of dielectric layers with periodic in-plane modulation of the dielectric
permittivity and stacked to each other with a twist. Such structures can be
considered as photonic analogues of twisted van der Waals semiconductors [1].
Each isolated layer exhibits an isotropic optical response. When the layers
approach each other, the electromagnetic interaction occurs through the near
fields, which gives rise to optical anisotropy. By varying the distance between
the layers and the twist angle, one can control the optical characteristics of the
structure [2].

Twisted photonic structures are chiral and demonstrate natural optical
activity, i.e., the ability to rotate the plane of polarization of light passing
through them. In addition, an unpolarized beam of light passing through such a
structure acquires partial circular polarization (spin angular momentum). In the
reflected beam, a nonzero orbital angular momentum arises, i.e., the light
becomes twisted [3]. We uncover an unusual mechanism of the emergence of
circular polarization in the transmitted beam, which is caused by diffraction of
light on the moiré pattern rather than by circular dichroism. The moiré pattern
inevitably occurs in a twisted structure when the spatial modulation of the
permittivity of the layers is superimposed. Our study shows that the intensity of
moiré diffraction is different for the photons with opposite circular polarization.
The moiré diffracted beams gain significant circular polarization and orbital
angular momentum. The described effects are most pronounced at the
frequencies of the photonic structure waveguide modes.

1. A.V. Poshakinskiy, D.R. Kazanov, T.V. Shubina et al, Nanophotonics
7, 753 (2018).

2.B. Lou, N. Zhao, M. Minkov et al, Phys. Rev. Lett. 126, 136101
(2021).

3. B. A. Knyazev and V. G. Serbo, Phys. Usp. 61, 449 (2018).
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EFFECT OF ANNEALING CONDITIONS ON THE PROPERTIES
OF MULTILAYER SILICON SUBOXIDE/TIN NANOSTRUCTURES

D.A. Yushkov, A.V. Ershov, N.V. Baidus, A.l. Belov, A.V. Zdoroveyshchey,
R.N. Kryukov
N. I. Lobachevsky State University of Nizhny Novgorod
E-mail: Daniil-2002.0206 @yandex.ru

The preparation of multilayer SiO4/Sn nanostructures (MNSSs) is relevant
due to the assumption that the tin layer increases the crystallization of Si
nanocrystals (NCs), so it increases the intensity of photoluminescence (PL) [1].
The combination of rapid thermal annealing (RTA) with subsequent tubular
(static — STA) also contributes to an increase in the intensity of PL [2]. The
report presents the results of the influence of RTA and STA and post-
hydrogenation on the luminescent properties of multilayer a-SiO./Sn (or SnO,)
structures.

MNSs samples were prepared by alternating deposition of SiO,/Sn layers
on substrates of silicon wafer with resistivity 20 Ohm-cm. (100) at a temperature
of 120 °C by vacuum evaporation. Structures with a thickness of SiOy — 20«1
nm were prepared, and the thickness of Sn layers varied from ~ 1, 1.5, 3 and 5
nm. A sample of SiOx film with a thickness of 70 nm was also produced. The
samples were annealed in a RTA at 900 °C for 3 minutes and in a tubular furnace
at 900-1100 °C for 60 minutes (STA). Experiments on annealing in molecular
hydrogen at a temperature of 500 °C (hydrogenation) were performed.

The samples were examined by X-ray photoelectron spectroscopy (XPS)
on Multiprobe RM, photoluminescence (PL) in the spectrum of 650-1000 nm
and IR spectroscopy.

It was found that individual SiOyx films (x = 1.8) after annealing in a
tubular furnace at 1000-1100 °C exhibit intense PL at room temperature, in the
range of 750-850 nm, associated with radiative recombination in Si NCs formed
after STA. The formation of NCs during STA treatment was confirmed from the
data of XPS and IR spectroscopy. RTA, with subsequent static furnace annealing,
increases the PL intensity of SiOx films by 2 times. Hydrogenation of the
samples leads to a 2-fold increase in the intensity of PL.

It was found that the introduction of layers of tin or its dioxide into the
multilayer nanostructure for all variants of annealing conditions leads to a
decrease in the intensity of PL in the spectral band

The report discusses possible reasons for this effect.

The work was supported by the Ministry of Science and Higher Education

of the Russian Federation (State Assignment FSWR-2023-0035).
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THEORETICAL ANALYSIS OF ELECTRONIC BAND STRUCTURE
VARIOUS POLYTYPIC MODIFICATIONS OF SiSn

A.A. Chizhova, E.V. Zaitseva, A.A. Konakov
National Research Lobachevsky State University of Nizhny Novgorod,
E-mail: chizhova@phys.unn.ru

Modifications of well-known semiconductors (silicon, germanium, etc.)
are of interest in connection with the search for ways to increase their emissive
properties. There are theoretical [1, 2] and experimental [3] premises to believe
that some polymorphic modifications of semiconductor elements can provide
more efficient excitation of luminescence compared to the diamond-like cubic
phase. Previously, we showed in [4] that rhombohedral silicon of the 9R phase
has significantly better emissive properties in comparison with cubic silicon 3C.
However, it is not a direct gap semiconductor. Therefore, we further considered
solid solutions based on silicon (in particular, Sig.gsSng.0s). For a more systematic
study of the relationship between the degree of hexagonalization of the unit cell
of a crystal and the electronic structure of the hexagonal phases of solid
solutions of group IV semiconductors, using the empirical pseudopotential
method, we calculated the electronic structure of a series of hexagonal and
rhombohedral modifications (2H, 4H, 6H, 9R, 15R, 21R).

Based on the calculation results, the following conclusions were made.
Firstly, all considered SiSn phases are indirect band gap. Apparently, a small
fraction of Sn impurity in the SiSn solid solution does not have a significant
effect on the change in the band structure, in comparison with silicon. The
minimum of the conduction band remains near or at the same point M (x/a,0,0)
on the boundary of the Brillouin zone, as in 9R-Si [5] in all hexagonal phases.
Note that in the limit of the cubic phase, point M goes to point X, near which
there is a minimum of the conduction band in 3C-SiSn.

Secondly, an increase in the degree of hexagonality of the unit cell leads
to a decrease in the band gap (indirect). The general trend is that increasing the
degree of hexagonality from zero (3C-SiSn) to one (2H-SiSn) leads to a
decrease in the band gap. A similar trend is observed for the direct energy gap: a
decrease in the width of the direct energy gap with increasing degree of
hexagonality. In addition, the difference between direct and indirect slits turns
out to be smaller in the case of a greater degree of hexagonality of the material,
I.e. hexagonalization in some way leads to straightening of the band structure of
the material.

The work was supported by the Ministry of Science and Higher Education
of the Russian Federation (State Assignment FSWR-2023-0052).
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DEFECTS IN h-BN: FIRST PRINCIPLES SIMULATION

R.M. Latypov, S.A. Sozykin, V.P. Beskachko
South Ural State University (national research university), Chelyabinsk
E-mail: latypovrm@susu.ru

A single photon emitter (SPE) is a cornerstone component of quantum
photonics devices. Recently, two-dimensional graphene-type materials have
been considered as promising materials for SPE, due to their unique optical and
electronic properties, as well as the possibility of placing such SPE in integrated
circuits [1]. Many theoretical models describe the microscopic structure and
electronic structure of SPE [2, 3], but their validity has not yet been
experimentally verified, except that the possibility of generating single photons
in such materials is associated with the presence of point defect complexes.

Hexagonal boron nitride (h-BN) stands out from 2D materials by a wide
band gap (about 6.0 eV [4]) and the ability to generate single-photon emission at
room temperature in the ultraviolet and visible spectrum. Structures of h-BN
containing defect complexes of different structure and composition were
selected as potential materials for SPE: 1) substitutional carbon + nitrogen
vacancy, 2) nitrogen antisite + nitrogen vacancy, 3) two substitutional oxygen
atoms + nitrogen vacancy [5]. The models of these structures were studied by
methods of the density functional theory implemented in the VASP package
using the generalized gradients approximation for the exchange-correlation
functional. Calculations have shown the presence of the considered defects in h-
BN produce energy levels in the band gap of h-BN, providing the possibility of
generating single photons. It should be noted that defects of the types 2) and 3)
have high formation energies and negative frequencies are present in their
phonon spectra. This means that the appearance of these defects is
thermodynamically questionable, and they are most likely mechanically
unstable.

1. S. Michaelis de Vasconcellos, D. Wigger, U. Wurstbauer, et al., Phys.
Status Solidi B, 259, 2100566 (2022).

2. L. Weston, D. Wickramaratne, M. Mackoit, et al., Phys. Rev. B 97,
214104 (2018)

3. C. Jara, T. Rauch, S. Botti, et al., J. Phys. Chem. A 125, 1325-1335
(2021)

4. G. Cassabois, P. Valvin, B. Gil, Nat. Photonics 10, 262-266 (2016)
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LUMINESCENT PROPERTIES OF BISMUTH GERMANATE GLASSES
DOPED WITH THULIUM OXIDE

K.S. Serkina?, I.V. Stepanova?l, A.V. Korol!, O.V. Knyazkova?,
E.S. Sectarov?, K.N. Boldyrev?
!D. Mendeleev University of Chemical Technology of Russia, Moscow
?Institute for Spectroscopy RAS, Troitsk
E-mail: serkina.k.s@muctr.ru

Bismuth-germanate glasses exhibit broadband luminescence in the near-
infrared range, which allows them to be considered as promising media for
optical amplification [1]. The luminescence source is bismuth active centers
(BACs), which have a complex structure based on bismuth ions in low oxidation
states [1]. The Tm®* ions introduction of into the glass composition helps to
expand the spectral range of luminescence, since the individual IR luminescence
of these ions is at the long-wavelength boundary of the luminescence of bismuth
germanate glasses [2].

The purpose of this work was to study the spectral and luminescent
characteristics of bismuth germanate glasses doped with thulium oxide. The
object of the study was glasses with molar compositions 10Bi»03-85GeO,-
5Na;0 and 95Ge0,-5Na,0, which were doped with 0.01-0.1 mol.% TmyOs in
excess of 100%. Optical absorption spectra were recorded on a JASCO V-770
spectrophotometer in the range of 300-2700 nm. Luminescence spectra were
recorded on an IFS 125HR Fourier transform IR spectrometer when excited by
520 and 808 nm diode lasers.

The bismuth-containing glasses absorption spectra contain a broad band at
500 nm characteristic of bismuth active centers, the intensity of which increases
with the addition of Tm,Os, which associated with an increase in the amount of
BAC, and contains absorption bands of Tm3®" ions at 685, 785, 1210, and
1670 nm, associated with transitions 3Hs — 3Fs, Hg — 3Hs, *Hs — *Hs, and
3Hgs — 3F4, respectively. The non-bismuth-containing glasses absorption spectra
have no absorption in the 500 nm region.

The synthesized glasses luminescence spectra contain luminescence bands
in the range 1000-2500 nm, associated with BACs and Tm?3" for the 10Bi,Os-
85Ge0,-5Na,O series or only with Tm3" for the 95Ge0,-5Na,O series. A
comparative analysis showed that the exchange interaction BAC«—Tm?3" occurs
in bismuth-containing glasses, which direction depends on the excitation
wavelength and the concentration of activators.

1. M. Peng et. al., J. Phys.: Condens. Matter, 21, 285106 (2009).
2. X. Song et. al., J Non-Cryst Solids, 557, 120575 (2021).
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GESN SUBMICRON POLYCRYSTALLINE FILMS
FOR MICROELECTRONICS
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Polycrystalline GeSn layers with high transport parameters grown on
dielectric substrates attract the attention of researchers due to the possibility of
creating next-generation electronic devices based on them, such as monolithic
three-dimensional integrated circuits and liquid crystal displays.

The main problem in the development of a polycrystalline layer-based
TIR transistor is the low mobility of charge carriers.

Currently, active research is underway to develop polycrystalline layers of
new materials with higher electrophysical parameters. In particular, GeSn films
are of great interest. The addition of Sn to the Ge lattice results in a lower
effective mass and greater carrier mobility compared to Si and Ge.

This paper presents the results of studies of the growth process by the HW
CVD method of the structural, morphological and electrical properties of
polycrystalline GeSn layers grown on dielectric substrates at low temperature
(less than 300 °C).

The paper presents data on the structural perfection, surface morphology
and transport properties (carrier mobility, conductivity) of polycrystalline GeSn
films.

The results of a study of the growth patterns of polycrystalline GeSn films
on silicon substrates coated with a SiO, layer are presented. The conditions of
growth and in situ doping in the process of HW CVD layers with the required
high parameters are indicated: carrier mobility above 100 cm?/Vs.

The work was supported by the RNF grant No. 23-22-00156.
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COMPARATIVE ANALYSIS OF OPTICAL ABSORPTION SPECTRA
OF FULLERENES OF SYMMETRY D;,

A.l. Murzashev, S.K. Paymerov
Mari State University, Yoshkar-Ola, Russia
E-mail: paymerov@mail.ru

In [1, 2], methods for calculating the energy spectrum (ES) of fullerenes
and carbon nanosystems were developed. Due to the fact that there are no fully
tested and proven methods for measuring ES, the question arises about the
correspondence of representations and models within which ES are calculated to
physical reality. The correctness of the models and representations on the basis
of which the ES are calculated can be verified only by comparing the physical
guantities and characteristics calculated within the framework of these models
with experimental data.

The most common characteristic of fullerenes measured after their
synthesis is the optical absorption spectrum (OAS). Obviously, OAS, if we do
not consider vibrational modes, is directly formed by optical transitions between
energy levels. Knowing the selection rules for these transitions, it is possible to
model the OAS, comparison of which with experimental data will allow us to
judge the correctness of the chosen model, on the basis of which the ES was
calculated, which was done in [3, 4]. In addition, in some cases, such a
comparison may make it possible to identify the synthesized isomer in
accordance with the Atlas of Fullerenes [5].

The disadvantage of the above is the fact that there is no complete clarity
in understanding the inviolability of the selection rules. Some researchers make
judgments like: if transitions are prohibited by the selection rules, then it is not
necessary that these transitions do not take place in reality. Also, within the
framework of the method described above, it is not possible to determine the
intensity of a particular transition, which obviously raises doubts about the
reliability of the OAS curves obtained by the above method.

To solve this problem, we have developed a method for calculating the
OAS directly by methods of quantum field theory. For this purpose, we used the
well-known R. Kubo formula for the optical conductivity tensor, published in
[6], expressing the OAS in terms of the two-particle Green function. In the work
presented by us, the OAS of symmetry Dg, fullerene isomers is modeled using

the selection rules and according to the Kubo formula. A comparison of the
theoretical OAS curves of the above isomers obtained using the selection rules
and the Kubo formula with the experimental OAS curves demonstrates the
equivalence of the two approaches (using the selection rules and the Kubo
formula) for isomers of the above group of symmetries.

1. G.1. Mironov, Physics of the Solid State, 49 (3), 527 (2007).
2. A.l. Murzashev, T.E. Nazarova, Physics of Metals and Metallography,
115 (7), 675 (2014).
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INSE ATOMIC-THIN LAYERS LUMINESCENCE

L.V. Kotova, |.A. Eliseev, B.R. Borodin, A.l. Galimov, M.V. Durnev,
P.A. Alekseev, M.V. Rakhlin
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Active development of 2D materials has led to the emergence of several
classes of layered materials. The most promising semiconductors are transition
metal dichalcogenides (TMD) and monochalcogenides of group Il metals
(M(I11A)X). TMDs are known for the unique optical properties of monolayers.
In contrast, M(I11A)X monolayers have an indirect band gap, which transforms
into a direct band with an increase in the number of layers [1]. It should be noted
that the transformation of the band structure is not only quantitative, but also
gualitative. The parabolic dispersion characteristic of bulk M(I11A)X transforms
into a “Mexican hat” dispersion in monolayers [2]. This type of dispersion leads
to many unique properties [3]. However, despite significant progress in the
study of the properties and use of these materials, the exact number of M(111A)X
layers at which the band gap width transitions from indirect to direct has not
been determined. The monolayer has an indirect band gap of the “Mexican hat”
type, and after a thickness of ~10 layers it becomes a direct band [4], but the
exact moment of the transition remains unknown.

An experimental study of thin B-InSe layers was conducted to determine
the number of InSe layers at which the transition to a direct-band structure
occurs. The thickness of the studied flakes was determined using atomic force
microscopy. The use of low-temperature p-PL made it possible to detect the
thickness at which photoluminescence associated with a direct interband
transition occurs. The work function and visualization of changes in the
electronic properties of InSe-based nanostructures were studied using Kelvin
Probe Microscopy. It was shown that the moment of photoluminescence
appearance corresponds to a jump in the work function at a thickness of 8 layers.
Thus, the moment of band gap transformation was experimentally established,
which provides important information for the manufacture of InSe-based
devices.

The work was supported by the Russian Science Foundation (grant 24-22-
20059).
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LASER INSCRIPTION OF HIGH RETARDANCE BIREFRINGENT
STRUCTURES IN NANOPOROUS GLASS

S.1. Stopkin, A.S. Lipatiev, Yu.V. Mikhailov, S.S. Fedotov, I.S. Glebov,
V.N. Sigaev
D. Mendeleev University of Chemical Technology of Russia
E-mail: stopkin.s.i@muctr.ru

Periodic structures (nanogratings) can be formed in the volume of fused
silica under the irradiation of focused femtosecond laser pulses, which have a form
birefringence that depends on the parameters of the laser beam [1]. A significant
number of pulses is required to form nanogratings. Recently, other birefringent
nanostructures have been demonstrated to form more rapidly in silica glass, but
these nanostructures have a low retardance [1]. In this work, the relationship
between the inscription speed and the retardance value in nanoporous high-silica
glass (NPG) by low-aperture focusing of the laser beam is studied.

To inscribe birefringent plates in the form of single-layer squares consisting
of parallel lines with dimensions of 300x300 um, a femtosecond laser Pharos SP
operating at a wavelength of 1030 nm was used. The pulse energy was varied from
400 to 1800 nJ, while the pulse duration was 180 fs. The laser beam was focused
by an aspheric lens with a numerical aperture of 0,16. The scanning speed of the
laser beam varied from 1 to 100 mm/s. The phase shift was measured using an
Olympus BX51 microscope combined with a YOKOGAWA AQ6370D spectrum
analyzer according to the method described in [2].

It was found that the value of the phase shift increases with increasing pulse
energy and repetition rate, as well as with decreasing scanning speed. The
maximum value of the phase shift was 1190 nm (2.31 & rad) at a wavelength of
1030 nm. NPG, in comparison with fused silica, allows a significant reduction in
writing time, since the maximum achievable retardance of one birefringent layer
inscribed in fused silica does not exceed 300 nm under the same focusing
conditions of the femtosecond beam.

As a demonstration of NPG's perspectives for laser writing, a linear-to-radial
polarization converter with a working wavelength of 1030 nm and a retardance of
half a wave was fabricated. The inscription time of a converter with a diameter of 6
mm was 2 hours, and the transmittance of the converter was 88% (the transmittance
of the original glass sample was 90%).

The work was supported by Russian Science Foundation (grant 22-79-
10231).
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One of the urgent tasks in modern nanoelectronics is the creation of
protective layers from external influencing factors for electronic equipment
components [1, 2]. The Atomic Layer Deposition (ALD) technology makes it
possible to form conformal, uniform coatings with an accuracy of fractions of a
nanometer, increasing the performance characteristics of electronic equipment.

In this work, the ceramic plate made of alumina ceramics VK-100
60x48x1 was used as a unit of radio-electronic equipment (Fig. 1).

Fig. 1. Oxidized front and screen parts of the ceramic plate (A) and non-oxidized front
and screen parts of the ceramic plate with protective layers of 30 nm Al.Oz (B).

The optimal mode for applying protective layers of aluminum oxide
corresponded to a synthesis temperature of 200°C. Trimethylaluminum and
water were chosen as precursors. The duration of the precursor injection pulses
was 0.2 s and the duration of removal of excess reaction products was 5 s, while
230 cycles of repeated sequential ALD operations were performed to obtain a
protective coating thickness of 30 nm. These protective coatings made it
possible to impart anti-corrosion properties to the ceramic plate, and also
reduced losses in the microstrip line by an order of magnitude compared to
traditional protection technology - varnishing and tinning with POS-61 solder.

1. O. Simonov, Electronics, 8, 162-167 (2016).
2. AM. Slushkov, V.G. Malov, RF Patent No. 2377266 ‘“Protective
coating for printed circuit boards”.
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CHARACTERISTICS OF UP-CONVERSION LUMINESCENCE
OF FLUORIDE PHOSPHORS MF; (M = Ca, Sr) DOPED RARE EARTH
IONS Er** AND Ho**

S.V. Gushchin?, S.V. Kuznetsov?, V.A. Konyushkin?, A.N. Nakladov?,
A.A. Lyapin!, V.Yu. Proydakova?, P.A. Ryabochkina!, P.P. Fedorov?
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Up-conversion phosphors doped with rare-earth (RE) ions are the main
object of study for many scientific groups. Because of their special optical
properties, they have found various practical applications [1, 2].

In the present paper, we have investigated concentration series of fluoride
single crystals and powders with a fluorite structure MF,-RF3 (R3* = Er¥*, Ho%").
Single crystals were grown by vertical directional crystallization (Bridgman
method). Powders were synthesized by using a co-precipitation from an agueous
nitrate solution technique.

The aim of work is comparison of up-conversion luminescence
characteristics of fluoride single crystals and powders MF,-RF; (R3* = Er?",
Ho®*") upon excitation near-infrared laser radiation. Single crystals provide a
more controlled and well-defined system for fundamental studies of mechanisms
of upconversion energy transfer. Powders are a more complex object of
investigate compared to crystals due to the presence of a number of factors.
Firstly, powders have a significantly larger surface area compared to single
crystals. This leads to a higher concentration of surface defects, acting as traps
for excitation energy. These defects provide non-radiative relaxation pathways,
resulting in energy loss as heat. Secondly, light scattering is more pronounced in
powders due to the random arrangement and varying sizes of particles. This
scattering reduces the effective path length of photons within the material,
decreasing the probability of photon absorption and ultimately lowering
luminescence output. Thirdly, powder particles tend to agglomerate, further
increasing scattering effects. However, despite a number of restrictions, powders
offer advantages in terms of ease of synthesis and cost-effectiveness.

In summary, the choice between crystals and powders depends on the
specific research goals and practical application.

1. X. Liu, H. Chen, Y. Wang et al., Nat. Commun. 12, 5662 (2021).

2. A. Ghazy, M. Safdar, M. Lastusaari et al., Sol. Energy Mater. Sol.
Cells. 230, 111234 (2021).
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The study of compounds of the SrO — Al,O3 system is of great interest due
to the fact that they have binding properties, can serve as photoluminophores,
and are also used as matrices for active laser media. In this system, the
formation of a large number of phases of different composition is possible,
namely: SF3A|206, SI’A|204, SFA|407, SI‘A|12019, szA'eOll, SI’7A|12025,
SI’4A|14025, SrloAleolg, Sr12A|14033. Monoclinic (X-SFA|204 IS unique among
other strontium aluminates in that it can exhibit luminescence under elastic
deformation, which is required for improving optomechanical devices [1].

The colloidal-chemical synthesis involves initially obtaining a highly
dispersed precursor by precipitation of the starting reagents with a suitable
precipitant, and then its subsequent heat treatment [2]. Research has shown that
to form a single-phase SrAl,O4 matrix, it is necessary to precipitate the precursor
with an aqueous ammonia solution using an ice bath (0°C) and a twofold excess
of Sr?* ions (relative to the stoichiometry SrO:Al,Oz = 1:1), which is associated
with partial solubility strontium hydroxide (Sr(OH);) formed at room
temperature. Controlling the pH in the range of 9.5 — 10 allows for quantitative
in accordance with the stoichiometry precipitation of Sr?* ions from solution.
Heat treatment of the precursor is carried out in air in two stages: 900°C for 2
hours, then 1500 °C for 2 hours.

A study of X-ray diffraction analysis data for samples synthesized by the
“traditional” solid-phase method, as well as samples obtained by precipitation
with ammonium bicarbonate (NH4sHCOs3) of the starting reagents, taken in the
stoichiometric ratio SrO:Al,O3 = 1:1, and subjected to heat treatment according
to the scheme proposed above, showed the presence two phases: monoclinic
SrAl,O4 and cubic SrsAl,Os. The report will discuss the advantages of a single-
phase SrAl,O, matrix obtained using the developed method for the synthesis of
phosphors based on SrAl,O4: Ce3*, Mn?*,

1. L.O. Kozlova, Journal of Inorganic Chemistry, 68, 12, 1722 (2023).

2. Yu.V. Bokshits, Journal of the Belarusian State University, 1, 74
(2017).
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Yttrium oxide (Y203) nanoparticles are a material that finds application in
the creation of laser ceramics. Precursor powders should have high chemical and
phase homogeneity, also monodispersity and a low degree of agglomeration.
One of the methods for the synthesis of powders that meet these conditions, is
the chemical coprecipitation [1]. This method is also characterized by ease and
low cost. The choice of starting reagents for the synthesis of precursors plays an
important role in the quality of the ceramics obtained, because some of them can
affect the optical quality and sintering [1, 2].

In the process of this work, Y,0s; nanoparticles were synthesized by
chemical coprecipitation using various initial reagents. As such, yttrium nitrate
and chloride were used, precipitating them with ammonia and sodium
hydroxide. The morphology and phase composition of the obtained samples
were studied.

It has been found that the use of yttrium nitrate and NaOH as starting
reagents makes it possible to obtain single-phase and monodisperse particles.
However, the possible presence of Na® ions may have a negative effect on the
sintering of powders.

The replacement of the starting reagents with yttrium chloride and
ammonia can lead to the formation of YOCI impurities in the yttrium oxide
powder and a change in the morphology of the particles. The reasons for the
appearance of an impurity and ways to prevent its presence are proposed.

I. M.C. HuxoBa, A.A. Kpasuos, N.C. Yukynuna, u pap. Hayuno-
TEXHUYECKUH BECTHUK MH(POPMAIIMOHHBIX TEXHOJIOTUH, MEXaHUKH U ONTUKH, 19,
(2019).

2. Ni Meng, Fabrication of er-doped sesquioxide laser ceramics and their
laser performance, Nanyang Technological University, Singapore, (2023).
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Co3naHne BOJOKOHHBIX JIA3€POB  MPUIAAIO 3HAYUTEIBHBIM HWMITYJIBC
MPOLECCY COBEPIICHCTBOBAHUS TBEPJOTEIBHBIX Ja3epoB. B pesynbraTe Ha
OCHOBE BOJIOKOHHBIX CBETOBOJOB M3 KBaplLEBOIrO CTEKJA, JETHPOBAHHBIX
MOHAMU PEJKO3EMENIbHBIX JJIEMEHTOB, OBLIO CO3JJaHO MHOXECTBO JIa3€pOB
pa3IMYHBIX TUIOB M Ha3HaueHUs. HempepbiBHbIE U UMITYJIbCHBIE BOJOKOHHBIC
Ja3epbl JOCTUTIU CpeaHeil MomHocTu 6osiee 1 kBT (MHOroMOM0BBIE — JECATKU
KWJIOBATT) U CTAJI HAJIG)KHBIMU KOMMEPYECKHUMHU CUCTEMaMU, UCIOJIb3yEMbIMU
s oOpabotku  matepuanoB. OHHM  XapaKTEPU3YIOTCS BBICOKMM  K.ILJ.,
MPEBOCXO/IHBIM KaueCTBOM JIy4a, BBICOKOW CTaOMIIBHOCTBIO, U TO3BOJISIIOT
T€HEPUPOBATh CBEPXKOPOTKHUE MMITYJILChI ¢ BHICOKOW MUKOBOM MOIIHOCTHIO (B
Hacrosiiee Bpems 10 1 MBT).
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Puc. 1 ATOMBI UJIU UOHBI DIIEMEHTOB Ta6J'II/II_IBI MeHzLeneeBa, HCIIOJIb3YCMBIC
B Ka4CCTBC aKTHUBHBLIX LICHTPOB B BOJIOKOHHBIX CBCTOBOJAX C CepﬂHeBHHOﬁ
Ha OCHOBC KBApILEBOI'O CTCKJIA (60J'IBH_II/Ie CHUHHUC KI)Y)KKI/I), B HOBBIX
XaAJIBKOI'CHUIHBIX CBETOBOJAAX (MaJ'IBIe CHUHHUC KPY)KKI/I) 1 NOTCHUOUAJIBbHBIC
KaHIWAaThbl I pC€aIn3alli I'a30BbIX BOJJIOKOHHLBIX JIa3€POB (KpaCHLIe KPY)KKI/I),
34€Chb HUKAK HEC 0T06pa)KeHBI BO3MOJXHOCTHU UCIIOJIb30BAHUA MOJICKYJISAPHBIX
Ira30B.

Ho mnopasinsroniee OOJBIIMHCTBO BOJIOKOHHBIX JIA3€POB MCIIONB3YET B
Ka4yeCTBE AaKTHUBHOM CpeJbl TOJBKO HMOHBI HECKOJIBKUX PEIKO3EMEITbHBIX
merasuioB (Er, Yb, Nd, Ho, Tm) miroc emie BUCMyTOBbIE aKTUBHBIC IIEHTPBI, YTO
CYIIECTBEHHO OrPaHWYMBAET BO3MOKHOCTH T€HEpAIlMU JIa3€pHOT0 HU3JIYyUYCHHUS.
Jlo Tex 1mop, MoKa B BOJIOKOHHBIX CBETOBOJIaX CEP/IlIEBMHA MpEICTaBIsAa OO0
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TOJILKO TBEPJIOE TEJO, BCE MPEUMYILECTBA BOJOKOHHBIX JIa3€pOB ObUIA 3aKPBITHI
JUIsL  Takoro OOJBLIOrO Kiacca AakKTUBHBIX Cpe€ll, KOTOPBIA COCTaBISIOT
aTOMAapHbIE M MOJIEKYJISIpHBIE T'a3bl, CIOCOOHBIE BBICTYNATh B POJM JIa3€pHOU
CpeablL.

Curyanusi KOpeHHBIM 00pa3oM U3MEHWIACh mocie co3aanus B 1999 rony
rpynnoit npod. Paccena (ynuepcuter r. bat, AHrnusl) nepBbIX BOJOKOHHBIX
cBetoBoJioB ¢ mosion cepaueBuHoit (CIIC). Bcero 3 roma cmycts Obut
IIPOJAEMOHCTPUPOBAH IEPBBINA BOJIOKOHHBIM PaMaHOBCKHUM Ja3ep Ha BOLOPOJE,
3aMOJIHSIONIEM TOJYI0 CEPALIEBUHY cBeTOBOA [1]. 3aech i yCUIIeHHs CBETa B
IIOJIOM CBETOBOJE C Ta30BbIM 3allOJIHEHUEM HCIOJB30BAJICA OOUH U3
HEJMHEUHBIX 3P (PEKTOB (BBIHYKIEHHOE pAMaHOBCKOE pacCesHue).

[TepBoiii Ta3zoBbIl BoOKOHHBIN Jazep (I'BJI) ¢ onTuueckoil Hakaykoi,
paboTaroluii Ha OCHOBE MHBEPCHUM HACEJIIEHHOCTEH, ObLI MPOJIEMOHCTPUPOBAH B
2010 rony [2,3]. Jlazepnas reHeparusi HaOJOanach Ha JBYX JJIMHaX BOJH
okoJi0 3.1 MKM B MOJIOM CBETOBOJI€, CEpJILIEBUHA KOTOPOro Oblja 3arojHEHa
alETWJICHOM TpU OTHOCUTEIBHO HHU3KOM naBieHuun 9.3 mbap. Mcrounukom
HaKaykd CIY>KWJ ONTHYECKUM IMapaMeTpUYecKuil reHepaTop, UMIyJbCcHOE (5
HC) M3Jy4Y€HUE KOTOPOTO MPEIM3MOHHO MEPECTPamBajoCh MO JIJIMHE BOJIHBI B
CIIEKTPaJIbHON 00J1acTH OKO0JIO 1.52 MKM JIsi TOYHOTO Tonajanus B y3kue (< 1
I'T'11) TMHUYT OTJIOMIECHUS aKTHBHOTO Ta3a.

OddexTuBHOCTh JNlazepHON reHepanuu B mnepBom ['BJI Ha anerunene
cocraBisuia Bcero okosio 1 % [Ommoka! 3akaaaka He ompenesiena.]. B to B
peMs Kak DSHEprus HUMIIYJbCOB HakKauku nocturaina 1 Mk/[X, BBIXOJHBIE
UMITYJIbChl Ha JIJIMHE BOJIHBI 3.1 MKM MMmenu 3Hepruro 6 H/[)K U IJIUTETbHOCTH
~4 Hc. Hwuskas »>¢dexTuBHOCTH ObUTa 00YCIIOBJIEHA BBICOKUM YPOBHEM
ontudeckux morepb (~20 nb/M) Ha 1IMHE BOJHBI TEHEpAaIMd B TIOJIOM
CBETOBOJIE, JUIMHA KOTOPOro cocTaBisuia 1.65 M.

CHKeHre ONTHYECKUX MOTEPh B MOJOM CBETOBOAE 10 5 nb/M Ha miuHe
BOJIHBI 3.1 MKM TIO3BOJIMJIO YBENMYUTH APGEKTUBHOCTh TE€HEpaluu
HAaHOCEKYHJIHbBIX areTryieHOBbIX ['BJI mo 27 %, uyTo OIM3KO K TEOPETHYECKOMY
npeaeny 3pGeKTUBHOCTH I TaKKUX J1a3epoB [4].

Ho xapakrepuctuku ['BJI ¢ onrtudeckodl HaKayKo OTrpaHUYMBAKOTCS
MpeAeIbHBIMU XapaKTEPUCTUKAMU Jia3epa HaKauku. s Toro, 4ToObl B MOJTHOM
MEpe peaan30BaTb BO3MOXXHOCTH MOJBIX CBETOBOJOB (yCTOMYMBOCTH K
BBICOKOMHTEHCUBHOMY H3JIyYEHHIO, IIMPOKUNA CHEKTPAJIbHbIA JUana3oH Mpo-
MyCKAHUS U T.JI.) B MOJHOCTHIO BOJIOKOHHBIX ONTHYECKUX CXEMaX, HEOOXOAUMO
pelmuTh 3aJa4y TeHepaluu Jia3epHoro unyueHus: HenocpencrseHno B CIIC, He
UCIIOJb3Yys B KauyeCTBE MCTOYHHMKA HAKAYKH JIPYyTHE BOJIOKOHHBIE JIa3epbl Ha
CBETOBOJIaX C TBEPAOTEIBHON CEPAUEBUHON ¢ MPUCYIIUMHU UM OTPAHUYCHUSIMHU.
OnHuM HW3 BO3MOXHBIX MOJXOJIOB K PEUICHUIO JaHHOW 3aJaud  SABISIETCS
CO3JJaHHE Ta30pa3psAHBIX BOJOKOHHBIX Jsa3zepoB (I'PBJI) Ha BOJIOKOHHBIX
CBETOBOJIaX C IMOJIOI CepJIlIeBUHOM, U KOTOpbIe (IIpaBaa, Ha CBETOBOAAX B BUJE
KalUIAPOB) PacCMAaTPUBAIMCH TEOpETHUSCKH emie B 1964 rony [5].
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["azopa3psiiHble Ja3ephl B HACTOSAIEE BPEMSI XOPOIIIO U3BECTHBI U IIUPOKO
MPUMEHSIOTCA B HAYYHOM M TEXHMYECKOW NEATEIbHOCTH (HAmpuUMep, TesIuii-
HEOHOBBIN J1a3ep W ja3ep Ha yrieKuciaoMm rasze). KoHCTpyKius BOJHOBOJHOIO
razopaspsJIHOro Jiazepa (HO elle He B BOJIOKOHHOM UCITOJTHEHUH) ObLIa BIIEPBbHIC
peanuzoBada B 1971 roay B Buje renuii-HEOHOBOro Jiazepa Ha 633 HM [6], B
1972 rony B Buae CO, mnazepa [/]. OTMeTuM TaKXke JAEMOHCTpPAIUIO
BOJTHOBOJHOTO refuii-HeoHOBOro jaszepa Ha 3.39 mxm B 1975 roay [6]. Bo Bcex
ATUX CJHydasX B KauyeCTBE BOJHOBOAA MJid TEHEPUPYEMOIro U3IIyYCHUs
UCTIOJIb30BAJICS CTEKIISTHHBIN KaWUISAp ¢ BHYTPEHHUM auameTpom 3.3 mm [7],
430 mxkm [60mudka! 3aknaaka He ompeneena.] u 510 Mxm [8OmmuoKa!l
3akaaaka He onpeaesieHa.]. YMeHbIIEHHE TUaMeTpa BOJIHOBOAA CIIOCOOCTBYET
CHIIKEHUIO M3TMOHBIX ONTUYECKUX MOTePh B HeM. Kpome TOro, yMeHbIIICHHUE
auaMeTpa pa3psagHONl TpyOKHM OOBIYHO TMPUBOJUT K POCTY ONTHYECKOTO
YCUJICHHSI B IIJIa3Me€ ra3oBoro paspsaa. Ho yxe mpu BHYTPEHHEM JTHUAMETPE
KanuuisipoB OKoJio 0.5 MM HCCIEI0BATENIM CTOJIKHYJIUCH C HEYCTOMYMBOCTHIO
AJIEKTPUUYECKOTO pa3ps/ia B HUX, a MPHU JAIbHEHIIIEM YMEHBIICHUU TUaMETpa
Kamuuisgpa TOJJepKaHue pa3psijga CTAaHOBUTCS KpalHe NpoOJIeMaTUYHbIM
BCJIEJICTBUE OOJBIITUX MOTEPh JIEKTPOHOB U3 pa3psja U3-3a UX yX0Jia Ha CTCHKH
kamuisipa. B psage pabor atoT 3ddexT mnpeogoneBaics NTPUMEHEHHEM
KOMOWHHMPOBAHHOM AJIEKTPUUECKON Hakauku. Tak, Hakauyka B BUJE COUYCTAHHS
MOCTOSTHHOTO ~HAMpPsDKEHUsT W HANpPsDKEHUS PaJuoOvYacTOTHOrO JIhara3oHa
ucnoJib3oBasiach B [6] u B Buae codyeranus noctossHHoro u CBY HanpsixeHus B
[8]. B wuTore BOJHOBOIHBIC Ta30BbIC Jia3epbl HAa KAMMUIAPHBIX IKECTKHX
BOJIHOBOJIAX MPHUMEHSIOTCS U B HACTOSIIEE BPEMS, HO HCIOJb30BAaHUE B HHX
KalmWUSIPOB B KadyeCcTBE BOJIHOBOJOB M CBSI3aHHOE C ATUM TpeOoBaHUE
IPSIMOJIMHEHHOCTH BOJHOBO/AA (11 0OecTeueHUs] HU3KOTO YPOBHS ONTHYECKHUX
norepb [5]) orpaHuYMBaeT HMX JUIMHY OOBIYHO HECKOJbKUMHU JECSTKaMU
CaHTUMETPOB.

N3yueHre BO3MOXKHOCTEH CO3JaHHS BOJOKOHHBIX Ta30pa3psaHbIX
Ja3epoB HayalduCh OKOJIO 15 ner Tomy Hazala, BCKOpE IIOCIE CO3IaHUS
BOJIOKOHHBIX CBETOBOJIOB C TOJION cepieBuHON. OCHOBHOM mpoOieMoi 37eCh
SIBJISIETCS CJIOKHOCTD TMOJIJIEP>KaHUs T1a3Mbl B TOHKOM (rnamerpoM nopsaka 100
MKM) cepaueBuHe. Takoil TOpPSAOK BEJIWYMHBI JHAMETpPA CEPALEBHUHBI
ucnoib3yercss npaktuyecku Bo Bcex ucciepoBanusix CIIC um ompenensiercs
TpeOOBaHWEM TMPUEMIIEMOTO YPOBHS U3rMOHBIX omntuudecknx mnotepb CIIC.
[lepBoie wuccrmenoBanusi Ha 1nytyu Kk [PBJI  Obuim  BBIIONHEHBI B
[Tonurexunyeckom yauBepcutere ['onkonra B 2007-2008 r [9]. B atux paborax
paspsaa B CIIC Bo30ykmancs MOCTOSHHBIM HampsokeHHeM BenumduHOW ~ 10 kB
Kak B Kanwuisipax u3 crtekna, Tak U B CIIC ¢ pa3auyHbIMM 3HAYCHUSIMU
BHYTPEHHETO AuaMeTpa (1Sl KanWuUIApOB) U IMaMeTpa MOJION CepLEeBUHBI (7151
CIIC). C Ttouku 3peHHs] BO3OYKIEHHUS SJIEKTPUUECKOTO paspsana paziuyusi
Mexay 00brdHbIM KanuuisipoM U CIIC ¢ oAMHAaKOBBIMH OTBEPCTUSMH B TaKOM
ciiydae He cyuiecTBeHHbI. ClielyeT TakKe OTMETUTh, YTO OOBIYHBIA CTEKISTHHBIN
KaWwuIgp ¢ BHYTPEHHUM JAUAMETPOM MOpsiAka 1| MM B KaKON-TO CTEIIEHH MOXKET
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paccMaTpuBaThCAd U KaK CBETOBOJ C MOJIOM CEpILIEBUHON, HO C BBICOKUMH
M3rUOHBIMU MOTEPAMU (KaK 3TO ObLIO MOoKa3zaHo B [5]). B aTux paborax ymanoch
MPOJIEMOHCTPUPOBATh 3aKUTAHUE M TOJJIEpKAHUE pas3psiia B CTEKISHHBIX
karmusipax U CIIC ¢ BHyTpennum auametrpom dc = 344, 250, 150, 50 u gaxe
20 mxm B Ar, He u CO; npu naBnenusix nopsaka 20 topp. dnunHbl 0Tpe3KoB
CBETOBOJIOB MEXIy JICKTPOJIaMH ObLIU OUY€Hb KOPOTKUMHU U COCTaBISLIUA OT 13
10 2.9 cm. Ilpu ucnonb3zoBanum 6osee BbIcCOKUX HanpsbkeHuil (~30 kB) paspsan
yAaJIoCh BO30YIUTH B OTPE3KE BOJOKOHHOTO CBETOBOJIa C BHYTPEHHUM
auametrpoM 250 MKM U aiuHOM 26 cm [11].

Cnenyromast cepusi paboT 1o wucciegoBaHuto co3ganus [PBJI ¢
BO30YXKICHUEM JJICKTPUYECKOTO paspsjia IMOCTOSHHBIM HamNpsDKEHUEeM Obliia
BBHITIOJIHEHA B yHUBepcuteTe r. bara (BenukoOpuranus) [12-15]. Ve B 2014
roJly MOSIBUJIOCH COOOIIEHHE O TOJIYYEHUU ONTUYECKOTO YCUJICHUSI B TUIa3Me
ANIEKTPUYECKOTO pa3psijia B MOJOM BOJOKOHHOM cBeToBoje [12]. lns Hakauku
UCIIOJIB30BAJICS AJIEKTPUUECKUIN pas3psii MOCTOSSHHOTO TOKA C HAMPSHKEHUEM JI0
40 xB. Hcnonp3oBasach He-Xe cmech B COOTHOWIEHWH 5:1 mpu MOTHOM
nasnenun ~10 topp. Jduamerp mosoit cepaueunbl CIIC peBoabBepHOro Tuma
(monpobHy0 MH(OpPMAIMIO O CBETOBOJIaX PEBOJILBEPHOIO THIA, B HACTOSAIICE
BpeMs SBJISIOIIEMCS HauboJiee paclpoCTPAaHEHHBIM B MUPE TUIIOM CBETOBOIOB C
HOJION CEep/IIIEBUHOM, MOKHO HaWTH B 0030pe [15]) cocraBmsim dc = 120 mkm.
ITpu no6aBnennn 100% oTpaxaroimiero 3epkaja ¢ OJHONH CTOPOHBI CBETOBOJIA,
Ha BBIXOJI€ C JIPYTOM CTOPOHBI CBETOBO/A YPOBEHB JIFOMUHECIICHIIUN BO3pacTall
Oonee, yeM B 2 pas3a, YTO MHTEPIPETHPOBAJIOCH ABTOPAMM KaK YCUJICHUE
U3Iy4eHHUs Ha mepexojie B atome Xe. YcusaeHue ObII0 3aperucTpupoOBaHO TaKUM
o0pa3oM Ha Iepexojax HEeUTpaJbHBIX aTOMOB KCEHOHAa Ha JyMHax BojH 3.11,
3.37 u 3.51 mxm. Ho I'PBJI co3manbl He ObUIM, W JTaHHBIA pPE3yjbTaT 10O
HACTOSIIIETO0 BPEMEHH HE MOYYHII JaTbHEHIIero pa3BUTHSI.

Hakonen, B psae paboT, BRINMOJHEHHBIX I'pymmnol npodeccopa benabuma
(Benabid) B yauBepcutere 1. JIumosx (PpaHius) ucciaea0BaaIuch BO3MOKHOCTH
BO30YXKJIEHUS DJIEKTPUUECKOTO pa3psifa B IMOJBIX BOJOKOHHBIX CBETOBOJAX C
OMOIIBIO  3JieKTpoMarHuTHBIX BoiMH CBY ngmamazoma (cM. 0030p [17]).
JleficTBUTENbHO, TIO pANy TapaMeTpOB CXEMbl Ta30BBIX JIa3€pOB  C
B0o30yxneanem CBY pazpsiioM MOTYT UMETh CYIIECTBEHHOE MPEUMYIIECTBO 110
CPaBHEHUIO C BO30YKJICHUEM MMOCTOSHHBIM HANPSDKEHUEM WITH TIOJISIMH BBICOKOM
gactoTsl (BY) [18]. B paGotax rpymnmel benabuna Obi1a mokasaHa BO3MOKHOCTb
3KUTaHUS U TOAJEPKAHUS DIEKTPUYECKOrOo paspsia B IOJOM CBETOBOJIE C
cepaueBuHOrd Oc = 125 Mkwm, 3amonHeHHON aproHoM [19] mox nelicTBHEM
ucrounuka CBY mona ¢ yactoroir 2.45 I'Tu m momuocthio okono 200 Br.
Pa3psing monnep:kuBancs B CEpALEBUHE CBETOBOJIA 3a CUYET BO30YXKACHUS
IMOBEPXHOCTHOM 3JICKTPOMAarHUTHOM BOJIHBI, PAacCHpOCTPAHSIOMIEHCS BIOJIb
MJIa3MeHHOTo cTojiba, 3amonustomiero cepaineBuny CIIC. IloBepxHocTHas
ANIEKTPOMArHuTHasE BOJIHA (OpPMHUpOBANACH C TOMOINBIO  CHEIHATBHOTO
yctpoiictBa — surfatron-a [17], comepskamero pe3onarop it CBY u3mydeHus.
Kak 0bu10 mpogemMoHcTprpoBaHo panee [19], momoOHOE yCTPOWCTBO CIIOCOOHO
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s pextrBHO Bo30YxkAaTh CBU-pazpsa B TpyOkax Oombinoro auamerpa (~ 1 cm).
[Ipotsixennocts o6nactu B CIIC, 3ansTOM Ma3moil pa3psiia B CBETOBOAE, ObLiia
OTpaHUYe€Ha BEIMYMHON ~4 cM. [laBiieHue aproHa cocTaBisuio nopsaka 1 Topp.
[lony4nTh ONTHYECKOE YCUIIEHUE B TAKOM YCTPOMCTBE 10 HACTOSIIETO BPEMEHN
HE yJaJ0Ch, HO NPEMIarajioch UCIIOIb30BaTh €ro B KayeCTBE MCTOYHHKA YD
M3JIyYEHUS.

AHanu3 BBIIIEYNIOMSHYTHIX paOOT MO3BOJISIET CleNaTh CIEAYIOIINE
BBIBOJIbI.  [IpUMeHEHHEe TOCTOSSHHOTO  HAampsKEHUs JJi1  BO3OYXKIEHUS
anektpuyeckoro paspsga B CIIC ¢ nuamerpamu moOJIOM CEpALEBHUHBI MOPSAKA
100 MxM TpeOyeT BBICOKMX 3HAUYCHHI HaNpsuKeHUs (MOopsiaka AecsTKoB KB), uto
CYILIECTBEHHO OIPaHMYMBAET BO3ZMOXHOCTH MPUMEHEHUS MOJOOHBIX YCTPONCTB.
Kpome TOro, wucmnosib30BaHHME IIOCTOSSHHOTO HAIPSKEHUS CONPOBOXKAAETCS
HEOOXOIMMOCTBIO PACIONIOKEHUS IEKTPOIOB BHYTpHU razoBoro oonrema ['PBJI,
YTO TIOBBIIIAET BEPOSTHOCTh HAPYIICHUS CBETOBOJHBIX CBOWCTB TIOJIOU
CEpJILIEBUHBI CBETOBOAA YacTULAMHU, (DOPMUPYIOIIUMUCS TpHU Jerpajaluuu
AJIEKTPOOB B Ipolecce paboThI.

[Tpumenenue nosneit BY nuamna3ona no3possieT 000UTUCH 6€3 3JIEKTPOIOB,
HO B OCTaJbHOM MAajoO OTIMYAETCs OT MmocTosHHOro Toka [21]. Kpome Toro,
reHepaius HeoOXOJMMBIX 3HAYCHUN HampspkeHHocTu mojis B BU nmamazone
NPEJICTABISET CYIIECTBEHHO OOJIbIIME TPYAHOCTH, YE€M TMpPU MOCTOSHHOM
HaIpsHKEHUH uiv B 1uana3zone CBY.

[IpuMeHeHue ke Mg NoAepKaHu pa3psaaa dJIEKTPOMAarHUTHBIX BOJIH B
nuanazone CBY, B wactHocTH Ha yactote nopsiaka 3 I'Ti mpuBoaut Kk Tomy,
YTO aMIUTUTy/la KOJIeOAHUN HJIEKTPOHOB B TIOJIE€ CTAHOBUTCS MOPSAKA WIH
MEHBIIIE JUaMeTpa TOJOW CEepAIEBUHBI, YTO CHUXKAET BEPOATHOCTh THOENnn
AJIIEKTPOHOB HAa CTEHKAaX CBETOBOJA IO CPAaBHEHHUIO C TMOJSIMH 0oJjiee HU3KHX
gactoT. Kpome TOro, mmpokoe MCHOIb30BaHUE MarHeTPOHOB, pabOTAIONIMX Ha
gactotre 2.451Tn, B OBITOBOH TEXHHKE (B NIMPOKO PACIPOCTPAHEHHBIX
MUKPOBOJIHOBBIX T€4aXx) CAE€Jal0 UCTOYHUKHU TaKOro M3IYyUYEHHs] CPaBHUTEIBHO
JEUIEBBIMU U IIUPOKO JOCTYIHBIMHU.

DKCIEPUMEHTAIBHO BO3MOYKHOCTh MOJJEPKAHUSA pa3psiga B MHEPTHBIX
razax B CIIC ¢ nmametpom cepaueBunbl 100 MkMm u Gosee ¢ momompio CBY
u3IIydeHus Oblla TOKa3aHa B [22], HANMPsSHKEHHOCTH AJICKTPUUYECKOTO IIOJIS,
HeoOxomumble nisi mopaepxkanus CBY paspsima B monbix  cepameBHHaX
pPa3IMYHOTO JAMaMeTpa, 3alOJHEHHBIX pa3IM4YHbIMM WHEPTHBIMHU Ta3aMH IpHU
pPa3TUYHBIX JaBICHUSX, ObUTM u3MepeHbl B [23]. IlomydeHHble pe3ylnbTaThl
SABUJIMCH OCHOBOM JJIsI CO3JJaHUs IIEPBOT0 Ta30pa3psAAHOIO BOJOKOHHOIO Jla3epa.

IlepBbiii razopaspsiAHbIA BOJIOKOHHBIN Jia3ep
B kauectBe ucrounuka CBY moms a1 moaaepaHus ra3oBOro paspsja B
CIIC mamu HCHONIb30BAJICA MAarHETpPOH, paboTalluil HA YyacToTe v =2.451Ty B

MMIIYJIbCHOM pexxkume. HYactora cieloBaHus UMITYJbCOB cocTtaBisiia ~400 ',
JUTATEILHOCTh uMnyjabca ~20 MKc. MakcuMaibHasi MMUKOBasi MOIIHOCTh MOIJIa
nocturaia 8 kBT.
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W3nydyeHne MarHeTpoHa BBOAWIOCH B  METALIMYECKUH BOJIHOBOA
MPSAMOYTOJIBHOIO CEYEHHs, KOTOPBIA SBISUICS oAHOMOAOBeIM 11 CBY
u3nydyeHus. Ilo BONMHOBOAY pacmpocTpaHsjach TOJBKO BojHA Tuna Hao.
[lonepeunbie pa3Mepbl BOJHOBOJA CIHIIKOM BEJIMKHM IO CPaBHEHUIO C
nuametpoM cepaueBuHbl CIIC, yToObl mia3ma B cepiAlIeBUHE CBETOBOJIa MOIJIA
s extrBHO noriomars 3Hepruro CBY nods.

[ToaTomy mist cBoeoOpasHoit ¢dokycupoBku CBY wumznyuenuss na CIIC
HCIIOJIb30BaANIach CTPYKTypa THUMa 1eieBoi anteHusl (Puc. 2). bonee noapo6Ho
onucanue cxembl Bo30yxaenuss CBY paspsaa B CIIC moxxHo Havitu B [20].

4

Puc. 2. Cxema skcniepumenTa. | — ygactok npsimoyronsHoro CBU-BomHOBO/a, a = 9 cMm,
b =4.5 cMm, 2 — BOIOKOHHBIN CBETOBO/T C MOJION CEPALIEBUHOMN, 3 — MPOOIbHAS IIETh
B OOKOBO# CTEHKE BOJHOBO/A, 4 — 3amasiHHBIN KOHEI] BOJIOKOHHOTO CBETOBO/IA,

5 — OJICOEIMHEHHE BOJIOKOHHOTO CBETOBO/A K BAKYYMHOU CUCTEME U K CHCTEME 3alOJTHEHUS
ra3om, 6 — HalpaBJIEHUE PACIPOCTPAHEHHUS AIEKTPOMATHUTHOTO U3JIyYEHHUS IO BOJTHOBOAY
OT MarHeTpoHa, 7 — MmopiieHs, orpaxaroniuii CBY usznydenne Hazan u GopMUPYIONTUH TaKUM
00pa3oM CTOSUYYIO BOJIHY; 8 — pTyTHas Jlamria Juis uauiuupoBanns CBY pazpsaa.

OKCIEpUMEHTBl MPOBOJIUIUCH C 3aMOJTHEHHBIMU HMHEPTHBIMM Ta3amMu
(aproHoM, HEOHOM, Te€JIMeM, MO/ JaBJIECHUEM OT eauHull 10 coTeH Topp) 1IC u3
gucTOro KBapieBoro crekima (mapku F300 dupmer Heraeus), mumamerp
CEpLIEBUHBI KOTOPBIX YMEHbIIAJICS MocienaoBaTeabHo 10 100 MxMm.

N3BecTHO, YTO i1 MOJKUTaHUA (WM MUHULUMUPOBAHUSA) pa3psioB BCEX
TunoB (B ToMm uymcie u non aedcteueM CBY mosns) TpeOyroTcs 3HaYUTENBHO
0oJiee BBICOKME 3HAUYEHHUS DJIEKTPUUYECKOT'O OIS, YeM JJIsl €ro MOJIepKaHus
nocyie naunmupoBanus. [loatomy B [20] 17151 MHUIIMUPOBAHUS AIEKTPUUECKOTO
paspsana B IIC monm neiictBuem CBY wucnonbs3oBasiach mnpeaBapUTEIbHAS
noHu3anus raza B cepaueune [1C, coznaBaemas ¢ nomoipio Y@ nznyyenus. B
pe3yabTaTe AEKTPUUYECKU paspsa 3axuraics u noaaepxkusaics CBY monem
Bo BceM oTpeske I1C, pacronoxeHHOM B e Ha 00koBoi moBepxHocTn CBY
BOJIHOBOJA, T.€. Ha JiauHe 0K0a10 300 MM.

Tunuunast Qororpadus BOJIOKOHHOTO CBETOBOJA C TOPSIIUM B HEM
paspsiom mpescTtasieHa Ha Puc. 3.
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Puc. 3. CBY pa3psin B mpocToM Kanmuyuisipe () U B peBoJIbBepHOM cBeToBOIE (b),
3aI0JTHCHHBIX aproHoM 1o aaBiieHueM 20 Topp Ha GoHe OOKOBOI MOBEPXHOCTH BOJTHOBOA
CO MIeTNbI0 mocepeanHe. Kanumisp ¢ BHyTpeHHUM TMaMETPOM 3 MM ITOMEIIEH
HETIOCPEICTBEHHO B IIEJTb Ha OOKOBOM MOBEPXHOCTU BOJHOBOAA; PC ¢ ariameTpoM mosioun
cepaueBuHbI 230 MKM pa3MelnieH Mex Iy CreluaIbHBIMU HaKIaKaM1, YMEHBIIAIONUMU
b dextuBHyO mupuny menu. B CBY BomHoBOAE popMupoBaniachk CTosiuas BOJHA 33 CUET
MHTEpPEepEeHIINH Nalalouieil U OTPaKEHHON OT KOPOTKO3aMBIKAIOIIET0 MOPIIHS BOJIH.
KauecTBo nHTEppEepEeHIIMOHHON KapTUHBI 3aBHUCENI0 OT IaPAMETPOB YCTAHOBKH IOPIIHS.

PaccmoTpennas B mpenpiaymieM pasjene cxeMa BO30YXKIEeHHs Ta30BOTO
paspsnga B IIC monm neiictBuem CBY  wu3nyueHuss MO3BOJWIIA BIIEPBBIC
npoaeMoHctpupoBate ['PBJI Ha peBOJIBBEpHOM BOJIOKOHHOM CBETOBOJAE C
HOJIOW cepteBuHOM [24].

Cxema coszmanHoro ['PBJI mpencraBnena na Puc. 4. PeBonbBepHBIN
CBETOBOJ 3anoJiHsuicsi cMechio ra3oB He:Ar:Xe B cootHomenuu 100:10:1 mpu
cymmapHoM nasieHud 130 topp. KoHIbI cBETOBOAA FEPMETUYHO BBOJIUIIUCH B
MUHHATIOPHBIE BAKYYMHBIE KaMephbl, MOJKIIFOUEHHbIE K BAKYYMHOW CUCTEME U K
CUCTEME 3aloJIHEHUsl Tra3aMu. KOHCTpYKIMM BaKyyMHBIX Kamep TaKxke
BKJIFOYAJIM 3€pKaJia JIa3€PHOT0 PE30HATOPA U IOMYCKAIN UX FOCTUPOBKY. [ 'myxoe
sepkano (Puc. 4, m.4) pe3onaropa mpeACTaBIsIO COOOW IMOTUPOBAHHYIO allto-
MHUHHEBYIO TJIACTUHY. BBIX0/1HOE 3epKaio (11.5) UMeNI0 BBICOKHM KO3 HUITUEHT
OTpa)KEHHSI HAa BO3MOJKHBIX JUIMHAX BOJH I€HEpalud KCEHOHOBOIO Ja3epa 3a
CYET WCIMOJB30BaHUS MHOTOCJIOWHOTO HMHTEP(HEPEHIIMOHHOTO  TOKPBITHUA.
CnexkTp npoIycKaHus BBIXOJHOTO 3€pkajia mnpeacraBieH Ha Puc. 5. Yactsb
JIA3epHOT0 PEBOJILBEPHOTO CBETOBOJAA UIMHOM 32 CM MOMeIIanach B 00JacTh
uMmnyascHoro CBY mnons. MakcumanbHash HampsiKEHHOCTb 3JIEKTPUYECKOIO
CBY nosns, HanmpaBieHHOTO MEPHEHIUKYJSIPHO OCH CBETOBOJIA, JIOCTUrana B
sKcriepuMeHTax  BenuuuHbl  ~1 kB/cm.  Buag  momepedHoro  cedeHwus
peBosibBepHoro IIC moka3an Ha Puc. 6b. Jumamerp moisoii cep/iieBUHBI
cocTaBisia 130 Mkm.

CBY pazpsag ununuupoBaica B [IC ¢ momombio KpaTKOBPEMEHHOTO
(~1 c) obnyuerus Y@ wuznydenuem pryTHod jammbl (Puc. 4, m.7). Ilocme
IOCTUPOBKH 3€pKaJl pe30HaTOpa BO3HMKAaJlla Jla3epHasi IeHepalus Ha JIJIMHE
BosHbl 2.027 mxM. [Ipm HapylmieHMM napaiyieIbHOCTH 3€pKajl pe30oHaTropa
MOIIHOCTh T'€HEpallMyd CHUXKalach, U MPU HAKIOHE TJIyXOro 3epKajia Ha yroi
6omnee 0.02 pan reneparus mpeKpanianach.
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N4 i

Mponyckanue (%)

o =
il

Puc. 4. Cxema skcniepumenra. 1-CIIC

peBOIbBEpHOrO THIIA, JutiHa 120 cM; 2 — o6nacTs 100 1500 2000 250  as00 3500
CBY o, qumiHa 32 ¢M; 3 — MUHHATIOPHBIE Anapante 1)
BaKyyMHbIE KAMEPBI, TI0JKIFOYEHHBIE K CHCTEME Puc. 5. Cniexrp nponyckanus BEIXOTHOTO
3aIIOTHEHHMS Ta30M; 4 — IIIyX0e J1a3epHOe 3epPKaJIo; J1a3CpHOTO 3epkaita
5-BBIXOJIHOE JIA3€PHOE 3ePKAJIo; (.5 na Puc. 4).

6 — perucrpupyrolas anmaparypa
(poTompreMHHK, CIIEKTPOAHATIH3ATOP);
{ — pTyTHas namia g uHuiuuposanus CBY
paspsiza.

CoekTp Jla3epHOTO  HW3JIyYeHHsS  PETHCTPUPOBAICA C  ITOMOIIBIO
cnekTpoaHanu3zaropa Yokogawa AQ6375B (Puc. 7). IlpeaBaputenbHO
MOJIOKECHHE JIMHUM TEHEepalMd ONPEAe/IsIOCh C  TOMOIIBIO  MOJOCOBBIX
cBeToGuIbTpoB. OCHUIIOrPAMMBI JIA3EPHOTO H3JIyUCHUST PETUCTPUPOBAIHCH C
MOMOIIIBI0 (DOTOIETEKTOPA, TYBCTBUTEIHHOIO B CIIEKTPAIILHOM JHara3oHe ot |

1m0 5 MM (Puc. 6a). MakcumanibHasi MOITHOCTh T€HEPAIIMU B IMHKE COCTAaBIISIIA
~1MBT.

1 —— CBY UMNYNLC HaKauKu
Manyuenne Ha sbixoge nasepa
(1~ 2.03 um).
2 = pe30HATOP CBIOCTHPOBANH
3 —— pe3oHaTOp PasLIOCTHPOBAK

o
L

a)
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Puc. 6. a) Ociimmnorpammer CBY umimybea

1200 1400 1600 1800 2000 2200 2400

HaKayKu U u3iny4yeHus: kcenoHosoro ['PBJI B Aouna gonne! (4m)
PA3IIMUHBIX YCIIOBHUSIX. Puc. 7. CriexTp n3imydeHus KCEHOHOBOTO
b) Ionepeunoe ceuenue peBoabseproro CIIC, a30pasps/iHOro BOJIOKOHHOTO JIa3epa.

Ha KOTopoM noisryuena renepauust [’ PBJI.

[IpencraBneHnsbie pe3yJIbTaThl MTOKA3bIBAIOT MPUHLIUITAAIBHYIO
BO3MOXHOCTh CO3[IJaHMSl HOBOT'O THUIIA JIA3€POB — ra3opa3psAHBIX BOJOKOHHBIX
nasepoB. TeM caMbIM  OTKpPBITBI  BO3MOKHOCTM  COBEPLICHCTBOBAHUSA
KOHCTPYKIIMH TAKHX JIA3€POB B XOJI€ JAIBHEUIIINX UCCIEI0BaHUN. B pe3ynbprare
I'PBJI, ucnonb3ysd cOYETaHME NPEUMYILECTB BOJIOKOHHBIX M Tra30pa3psIHBIX
J1a3epOB, HAWyT MHOTOYUCJICHHbIE TPUMEHEHHS B PA3IUUYHBIX 00JIACTSIX HAYKU
Y TEXHHUKHU.
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PAIMOD®OTOHHDIN MTOAXO 1151 TEHEPALIUUA
CIIEKTPAJIBHO YUCTBIX CBU-CUTHAJIOB

M.B. I'epacumos, K.B. Kupees, E.}O. Mapnaes
Mopoosckuti 2cocyoapcmeennuiil ynusepcumem um. H.11. Ozapésa, Capanck
E-mail: gerasimov.mv12@gmail.com

[IpumeHeHue (GOTOHHBIX TEXHOJOTHHA B PaJUO3JIEKTPOHHUKE MPHUBENO K
(OpMHUPOBAHUIO OTJAEIBHOTO HAIpaBiIeHUs — Paauo()OTOHUKU (MUKPOBOJIHOBOM
¢otonukn) [1-3]. KoMmnoHeHTsl U yCcTpoicTBa paanoOTOHUKHU PEeIHa3HAYECHbI
Uil peanu3auuu (QyHKUMA Mpuema, oOpaboTKH, mpeoOpa3oBaHUs, XpaHEHUS,
nepenayd  uH@oOpManuu, npeoOpasoBaHus  dHepruu.  PagmodoroHHas
KOMIIOHEHTHast 6a3za — 3710 u3nenusi CBY-snexkTpoHuku W (POTOHUKH, Tpen-
CTaBJISIIOUIME COOOM COBOKYMHOCTB DJIEKTPUYECKU UM ONTHUYECKH COEJUHEHHBIX
KOMITOHEHTOB, 00pa3ylomux (YHKIUOHAIBHO U KOHCTPYKTHUBHO 3aKOHUYEHHbBIE
coopounble equHuIbl. COBMECTHOE HCTOIb30BaHue cpeacTB poTtonnku u CBY-
AJNIEKTPOHUKH MO3BOJISIET CO3/1aBaTh yCTPONCTBA C YHUKAJIbHBIMU TEXHUYECKUMU
XapaKTepUCTUKAMH.

bnaromapss Oonbmioit monoce mnpomyckanuss (>40 [Tu), HuzkuMm
ontuyeckuMm notepsMm (0,2 nb/kM) M yCTOMYMBOCTH K 3JIEKTPOMATrHUTHBIM
noMexaM, METOAbl M  TEXHOJOTMHM PaauO(OTOHUKH  aKTyallbHbl IS
BBICOKOCKOPOCTHOM 0OpabOTKH CHUTHAJIOB, YTO HAaXOJUT MPUMEHEHHUE st
aHAJOTOBBIX M IHHUQPPOBBIX PATUOYACTOTHBIX cHUcCTeM. llpu 3TOoM, O0OIIHMM
TpeOOBaHWEM BBICOKOCKOPOCTHOM 00paOOTKH CUTHAJIOB SIBISIETCS 0OecreueHne
TOYHOW CHHXpOHU3aluK. Bo3HuKaeT HEOOXOAUMOCTh B MCTOYHUKAX TAKTOBOTO
CUTHAJIa C OYEHb HU3KUM (ha30BBIM IIYMOM (C BBICOKOM YHMCTOTOM CHEKTpa) AJis
NOBBIIICHUS Pa3pELICHUs] B PAJUOJIOKAlMM U B U3MEPUTENIbHBIX CUCTEMAaX, JJIs
MYJbTUIUIEKCUPOBAHUS MOTOKOB JAHHBIX W YBEJIMYEHHS MPOMYCKHOU
CIIOCOOHOCTH B ONTHUYECKUX IUMPOBBIX CETAX, NJS MOBBIIIEHUS OTHOIICHUS
CUTHAJI/IIYyM TIpU aHaJoro-iugpoBoM mpeoOpa3oBaHUKM M JUIS CHUIKEHUS
¢$a3oBOro IIyMa ONTUYECKHX HMITYJICOB B JIa3€pHBIX CHCTEMaX C aKTUBHOMN
cuHXpoHM3anueil Moj. IlepcrieKTUBHBIM HAINPABIEHUEM SIBIISIETCS IPUMEHEHUE
TAKOrO THUINA TEHepaTopa B KaueCTBE BBICOKOJOOPOTHOTO CEJIEKTUBHOIO
YCWINTENSA Uil BBIOOPOYHOIO YCHJIEHUS MAaJOMOILIHBIX PAaJHOYaCTOTHBIX
CHUTHAJIOB B YCJIOBUSAX CWJIBHBIX TTOMEX [4].

Spkum  mpencraButeneM  (OTOHHOW  CHUCTEMBI, KOTOpask MOXET
obecneunBath TakToBble CBU-curHaibl ¢ oueHb HU3KUM (Pa30BBIM IIYMOM B
Uana3oHe JJIMH BOJH OT MHUKPOBOJHOBOIO 10 MWUIMMETPOBOIO, SBISETCS
onTo3JeKTpoHHbIH reHeparop (O3I') [5-10], KoTopslil mpeacTaBisier coOOu
THOPUIHYIO CHCTEMY, COCTOSIIIYIO W3 PAJAHOdJICKTPOHHOH ©  (DOTOHHOMU
nmoacucteM (puc. 1). KnroueBoli 0COOCHHOCTBIO TaKOW CHCTEMBI SIBISICTCS
UCIOIb30BaHUE (OTOHHOM JMHUM B KadyecTBe Lenu oOpatHou cBszu. OO
ABJIAETCSI ABTOICHEPATOPOM M COCTOAT M3 JBYX KIIIOUYEBBIX JJIEMEHTOB:
MaCCUBHOM IIEMU C PEe30HATOPOM, KOTOPBIM OMpeensieT COeKTp KojJeOaHuu, u
AKTUBHOI'O  3JIEMEHTA, KOTOpPbIA KOMIEHcupyeT mnorepu. [IpumeHeHue
aneKTpoonTHieckoro (Moayistop Maxa-llanaepa) W ONTO3JIEKTPOHHOIO
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(boTonmerexTop) mpeodbpazoBaTenei MO3BOJISIET OOBEAUHUTD DJIEKTPUUECKYIO U
onTuYeckyro vactu (puc. 1), uyro Jexxut B ocHOBe moctpoeHuss OO, kax
rMOpUHOrO TeHepaTopa — KOJIBLIEBOTO OMTO3JIEKTPOHHOIO aBTOr€HEepaTopa.

OnTunyecKkoe
Mogynsitop BOJIOKHO
Nazep Maxa-LlaHaepa @
wX = |
N e R \
doTogeTeKTOp
P4 ycunurens W
MNonocosoi
PY penutens P4 punetp

CnekTtp
BbIXO4HOTO
PY curHana

Puc. 1. bazosas cxema ogHokoHTYpHOTO OOI':
paanodieKTpoHHas (CUHsA) U poTOHHAA (KpacHast) OJICUCTEMBI

Ncrounukom CBY-konebanuii ABISAIOTCS COOCTBEHHBIE IITyMbI DJIEMEHTORB
CXEMBbI aBTOTeHepaTopa. [[s ycToiunBoi reHepanuyu HeoOX0AUMO BBITIOJIHCHUE
HECKOJIbKUX BaXXHBIX TPEOOBaHMIA:

e BBINOJHEHKE YCIOBUN OanaHca aMIUTMTY] 1 OanaHca (da3s;

® HaJM4yMe UCTOUYHUKOB IIyMa B LMK F'€HEPATOPa;

® HaJgM4KMe KOMIIOHEHTAa C HEeJIMHEHHON nepeaaTouyHol QyHKIueHn.

[Mpunmun  pabdoter ODI' 3akimiouwaeTcss B cheaywomeMm. Ha Bxoa
moaysiatopa Maxa-IlaHaepa TDOCTymaeT HENPEPBIBHOE  M3IYyYEHHE  OT
reHepaTopa ONTHYECKON Hecymied — JazepHoro wMoxayia. @Diuykryauuu
AJIEMEHTOB CXE€Mbl — IIIyM MHTEHCUBHOCTH Jia3epa, JpoOOBOM  1Iym
doToneTeKTOpa, TEIIIOBBIE IIYMBbI 3JEKTPOHHBIX 3JIEMEHTOB — HAa HAaYaJbHOM
ATane BBICTYMAIOT B KAaue€CTBE HIMPOKOMOJIOCHOTO MOAYJIUPYIOMIETO CHUTHAJIA
U1  ONTUYECKOW Hecymeh. MOIyIMpOBaHHOE ONTHYECKOE HW3IIYyYEHUE
MIPOXOJIUT Yepe3 BOJIOKOHHO-ONTUYECKHUM TPaKT U MOCTYMAaeT Ha (OTOETEKTOD,
rje MNpoucXoauT mpoiecc aemoayisainuu. IlomocoBoit pagmouactoTHbiit (PY)
GuIBTp BBIIENSET MOJOCY YaCTOT, MOAABIsAA KoieOaHWsl Ha APYTHX YacTOTax.
Onna yacte CBY-curHana ¢ moMouipl0 JAEJIHUTENS MOIIHOCTH HAaNpaBisieTcs Ha
BBIXOJ] CXEMBI, a JApyTas, MOCJIE YCUJICHHUS MOIIHOCTH, — Ha BXOJ MOIYJATOpa
Maxa-Ilangepa, 3aMbIKasi TEM CaMbIM IETh TOJOXUTEILHON 00OpaTHON CBS3H.
Takum o6pa3om, 3a mepBbIi 00X0/ KOJBIIEBOTO Pe30HATOpA CIEKTP TeHEepaIuu
OOI onpenensiercs nmapametpamu nojocoBoro PU ¢punsrpa. Camoe unTepecHoe
HAYMHAET Pa3BUBATHCSA C POCTOM YHCIA TaKuX 00X0JI0B, KOT/Ia TOCTETICHHO, HO
Bce ¢ Oompiiei 3QGEeKTUBHOCTHIO HAYMHAIOT MPOSIBIATHCS YCIOBHS PaOOTHI
aBTOreHepaTopa: OanmaHc aMIUIUTY U OajaHc ¢as.

KoMIoHeHThI ¢ HeNMMHEWHOU TIepenaToqHOn (DYHKIIMEeH HEOOXOAUMBI IS
OTpaHUYEHUS U CTAOWUIM3AlUMU aMIUTUTYAbl KOJEOaHUi, YTO CIOCOOCTBYET
nepexony O3 B crauuoHapHbIl pexum reHepanuu. OJHUM M3 TaKUX
KOMIIOHEHTOB  SIBJIIETCSL  AJIEKTPOOINTHYECKUN  aMIUIATYJHBIA  MOJYJSATOD,
MIOCTPOCHHBIM HAa OCHOBE omTHYeckoro mHrepdepomerpa Maxa-Ilannepa. Ilpu
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3TOM B KadecTBe paboueil TOYKM Ha NEepelaToyHOM (QYHKIMM OOBIYHO
BbIOMpAeTCs MOJIOKUTENbHAS KBaApaTypHas Touka (puc. 2). MHIynuupoBaHHbINA
MPWIOKEHHBIM K IMOJIOCKOBOW JIMHUM 3JIEKTPUYECKUM HamNpsKeHUeM (Ha3oBbIi
CABHT O( TO3BOJISIET YIPABIATH PE3yIbTATOM HHTEP(EPEHIINHN CBETA HA BBHIXOE
uHTEpPEpOMETpa — BBIXOJTHON ONTUYECKONH MOIIHOCTBIO P, ;.

Pout_ 5 Pout_ T
1| P = f(69) LB = f(t/T)

CoxpaHeHue ¢pasbl cuzHana

~
~

Puc. 2. IIpumep nepeaarounoit pyHkmum moayisitopa Maxa-Ilanaepa.
BxomHoii anexTpudeckuii (CHHUN) U BBIXOAHOM ONTHYCCKUN (KpACHBIN) CUTHAJIBI
JUTSI TIOJIOXKUTEIIBHON KBaApaTypHOU pabodeil TOuKH

BomokoHHO-ONTHYECKHIT TpaKT, KakK KIYEBON 3JeMEHT (OTOHHOM
JUHUW, ONpENeNseT MapaMeTpbl pe3oHaTopa. Huskuili ypoBeHb HOTEPHh B
dboToHHON NMHUK TO3BOJSIET peanu3oBaTh st OO KonblieBOW pe30HATOP
OOJIBIIION JIMHBI U, CIIe0BATEIbLHO, BEICOKON noOpoTtHocTu. [IIupuHa cnekrpa
OTJIEIBHOM MOl 00OpaTHO MPOIMOPIIMOHAIBHA KBAJAPAaTy BPEMEHH 3aJICPKKU B
neTIM oOpaTHOM CBS3W W MOITHOCTH, BBeJCHHOW B pe3oHatop [7]. Ilpu stom
CHEKTp TeHepauuu OAHOKOHTypHoro OOJI' mpexacraBiuser co0oil  psn
pPaBHOYAANEHHBIX JpPYyTr OT JApyra MOJ, MOCKOJIbKY MEXKMOJIOBBI HMHTEpPBal
(ob6macth CBOOOIHOW AHMCHEPCHM) B CXEME C IJIWHHBIM PE30HATOPOM YacTo
OKAa3bIBACTCS 3HAYUTEIBHO MEHBUIE IOJIOCHI MPOIYCKaHUS HCIOJIb3YEMOTO
nosiocoBoro PYU ¢unbtpa (puc. 1), 4To MPUBOIUT K MHOTOMOJIOBOMY PEXHMY
redepanimun OO0 [8,9] (puc. 3). D10 o00ycilaBIuMBaeT OJIHY W3 OCHOBHBIX
mpobiem ODI" — cenexiuio MpOoIONBHBIX (CIEKTPATbHBIX) MOJ B ONTHYECKUX
pe3oHaTopax Uil TMOJIYYEHHS OJHOYACTOTHOTO pEeXKHMa TE€HEpauun —
OJHOMOJOBOM TreHepauuu. J[(ns mnopaBiieHUsT NapasuTHBIX MOJ B CIIEKTpE
reHepanun OO nOpuUMEHSAIOT pa3nuyHble TeXHUYeckue pemrenus [11]:
HECKOJIBKO  KOHTYPOB, HWHXEKIIMOHHYK  CHUHXPOHHU3AUMIO, YAaCTOTHYIO
MOJYJISLMIO, ONTUYECKUN YCUIIUTEIb, APYTUE THUIBI PE30HATOPOB, UCKIIOYAIOT
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nosniocoBoii CBY-punbtp u apyrue pemenus. HecmoTps Ha To, 4T0 B 00JacTH
pazpabotk O3 [OCTUTHYT 3HAYUTENBHBIM MPOTpPEcc, MO-MPEKHEMY
COXpaHsieTCsl 3ajada MO0 VYIY4YIICHUIO Takux xapakrepuctuk OO, kak
crnekrpanbHas yuctota CBYU-curHana w ero JOJTOBPEMEHHAs 4YacTOTHAs
ctabunbHOCTH [10].

0

MouwHocTb (abm)

e \ M\ w \

5 7 9 11 13 15
YacroTa (Mu)

Puc. 3. Tunuunsii cnexrp renepaunn O3I ¢ mmuHOM KoHTYpa 200 M. [Tapamerpsr PU
¢dunpTpa: nentpanpHas yactota 10 [T u momoca nponyckanus 10 MI .

Baxnyro ponp ansa ynydmieHus xapakrepuctuk OO urpaet moHumaHue
UCTOYHUKOB IIyMa M NMPUYUH (HOPMHUPOBAHUS TEPENaTOUHON (QYHKIMH IIyMa
[12]. O6wmenpunsaTHIM onpeaenenneM ¢azoBoro myma L(f) mis ODI sensercs
cnekTpanbHas MIO0THOCT, MourHocTH (CIIM)  ogHOCTOpOHHEWH  MOJOCHI
renepupyemoro CBY-curnana [13]. CIIM HopMupoBaHa Ha MouiHocTh CBY-
CUTHaJla W u3Mepserca B enuHunax nbu/I'u. B cneumdukanuu renepartopa
yKa3bIBalOT YPOBEHb (ha30BOr0 IIymMa Ha ONpPEAENICHHON 4acTOTE OTCTPOMKHU OT
Hecymied. IlpumeHeHHne pe3oHaTOpa € BBICOKOW JOOPOTHOCTHIO TIO3BOJISET
nobuthcs cHmkeHus (azoBoro myma OO B omHOMOI0BOM pekume pabOThI
reHeparopa HMMEHHO IIMpWHAa Mojabl ompenenser cnekrp CBY-curnana.
Hanpumep, ¢ ncnosib30BaHUEM YaCTOTHOM MOAYyJsiiiuu B cxemMe OOI" 1OCTUTHYT
CBEpXHU3KHH ypoBeHb (azoBoro myma [14]: —160 abu/I'm Ha dactote
otcTpoitku 10 k't oT yacToThl Hecymen 10 I'T.

Hust  3hQPexTuBHOTO  TPOEKTHPOBaHUSA  PAANMO(POTOHHBIX  CHCTEM
HEOOXOJMMO TPOBEACHUE HWMUTAIMOHHOTO OJKCIIEPUMEHTa C MPUMEHEHUEM
CPEeACTB BBIYUCIUTEIBHON (OoTOHUKHU [15—17]. DTO TO3BOJISAET MMUTHPOBATH
yCJIOBUS pabOTHI YCTPOMCTB M M3MEHSATh XapaKTEPUCTUKNA KOMIIOHEHTOB B OUYCHb
IIUPOKUX TMpeJeyax, YTO YaCTO ObIBAET HEBO3MOXKHO OCYIIECTBUTH C TIOMOIIIBIO
dusnuecknx mogeneit. [lockonbky (u3Mdeckre MCTBITAHUS U JTa0OpaTOpPHEIE
OKCIIEPUMEHTH B (POTOHMKE U paanodOTOHHUKE TPEOYIOT 3HAYUTEITHHBIX
(UHAHCOBBIX 3aTpaT, MOJCIUPOBAHHE IO3BOJSET TOBBICUTH IPHEKTUBHOCTH
pa3pabOTKU KOHEYHOTO MPOIYKTA.

B nanHoli paboTe mnpeacTaBieHbl pPe3yJibTaThbl MMHUTAILMOHHBIX 3KCIE-
PUMEHTOB MO HCCIEIOBAHUIO PEKUMOB padoThl Mozeneit OO, co3gaHHBIX C

UCIIOJIb30BAaHUEM CPEJICTB BBIYUCIUTENBHON (OoTOHUKH. [ monyueHus u
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WCCIIEIOBAHUSI OAHOYACTOTHOTO PEXUMa TeHepauuu co3nansl moaenu O3l
Pa3HbIX TUIIOB:

e ByXKOHTypHOrOo OOI'’;

e BoMHOro OJI' ¢ MHAKEKIIMOHHOW CUHXPOHU3ALIHUEH;

e cBa3aHHOro OOl ¢ IBOMHBIM BBIXOJ0M.

[Ipu co3pmanum moxeneit OB ocoboe BHUMaHHUE YNIEIEHO HE TOJBKO
BBIOOPY KJIFOUEBBIX KOMIIOHEHTOB, UX MAapaMeTPOB M IMEPENaTOYHBIX (PYHKIIHM,
HO U TJIOOAJIBHBIM MapaMeTpaM MOJICTUPOBAHUS JJIsl TOBBIIICHUS pa3pelieHus
no yacrore. Kpome Toro, moaenu MNO3BOJAIOT PETUCTPUPOBATH BPEMEHHYIO
ABOJIOLMIO cieKTpa BbixogHoro CBY-curnana OOI', oTpaxarouyro nepexon us3
peKrMa yCTAHOBJICHUS T'€HEPALlUU B KBA3UCTALMOHAPHBIN PEKUM.

UccnenoBanbl Mojenu ABYXKOHTypHoro O3l ¢ pe3oHaropamu pa3zHOM
TOOpOTHOCTH, KakK OJHOTO M3 METOJOB CEJCKIUU TMPOAOJIBHBIX MOJ B
ONTUYECKUX PE30HATOpax, B KOTOPHIX HCIOJb30BAHO CYMMHUPOBAHUE
ANEKTPUUYECKUX U ONTHYECKUX CUTHAI0B. OOHAPYIKEHO, YTO ONMTUMATbHBIM IS
CHWIKEHUS YPOBHS MOOOYHBIX MOJI SIBJISICTCSI COOTHOIIIGHHE 1:5 Mexay JIMHAMU
KOHTYpOB. [Ipu 3TOM ypoBeHb MOOOYHBIX MO, COXPAHSIOIIMXCS B CIEKTpE,
HUKE€ OCHOBHOM MOjibl Ha 45 nb. Iloka3aHo, 4TO yMEHbIIEHUE IIUPUHBI JIMHUU
U3JTy4eHUs] TeHepaTopa ONTUYECKON HECYIeH MPUBOIUT K CHIDKCHUIO (ha30BOTO
myma BeixogHoro CBY-curHana, a XpoMaTudeckass AMCIEPCUS] ONTUYECKOTO
BOJIOKHA MPUBOAUT K TMOJABJIICHUIO BHICOKOYACTOTHBIX MOJ, UYTO YKa3bIBa€T Ha
HEO0OXOIUMOCTh KOMITEHCAIIMH TUCTIEPCUU ONTHYECKOTO BOJIOKHA MPU CO3/IaHUU
BbICOKOA00pOTHBIX OO,

BrlimosniHeHO wHccneoBaHUE YCIOBUM TEHEpallMd W PEKHUMOB paldOThI
mozenei apoiHoro OJI' ¢ mpsiMoii, OOpaTHOW W JBYHANpPABICHHOW HHYKEK-
IIMOHHOM cuHXpoHU3aImen. OOHApYKEHO, YTO B CXeMe C MPSMOU WHIKEKIuen
pOJIb BEAYIEro TeHepaTopa 3aKIYaeTcsl B CHIDKEHHMH (Da30BOrO IIymMa BEHO-
Moro reHeparopa. Ilpu oOGpaTHON HMHXKEKIIMU POJb BEJAOMOIO reHepaTtopa 3a-
KITIOYAETCS B CHIDKEHUU YPOBHSI TOOOYHBIX MOJI B CIEKTPE T€HEpaluu Bely-
niero reneparopa. UccnenoBanne monaenu OB ¢ nByHanpaBiI€HHOW WHXKEK-
IIMOHHOM CHHXpoHU3aIuen ¢ koddduimentamu uHxeknuu [, =Ty = 10%
(u mpoxogueiMu ko3¢ dunrentamu 90%) mokaszano, yTo MoaOOpP MapaMeTpoB
PE30HATOPOB C IENBI0 UCKIIOUEHUSI COBMAJACHUS IEHTPAIBHBIX YACTOT MOO0Y-
HBIX MOJI BEIYLIETrO U BEIOMOIO I'€HEPATOPOB IIPU COXPAHEHUU OJIMHAKOBBIMHU
[EHTPAJIBHBIX YacTOT JUIsi BBIOPAHHBIX MOJ TPHUBOIUT K IPHEKTUBHOMY
MO/IABJICHUIO TIOOOYHBIX MOJI ¥ TIOBBINICHUIO JIMHAMHYECKOTO JHara3oHa
BbIXOAHBIX CBY-curnanos (puc. 4).

OObennHEeHNE KOJBIIEBOTO BOJIOKOHHOTO Jazepa u OOI" B omHy cuctemy
MO3BOJISIET CO3/1aTh CBSI3aHHBIA T€HEPATOP C JIBOWHBIM BBIXOJIOM (pHc. 5), Korjaa
OJTHOBPEMEHHO OCYLIECTBIISIETCS T€HEPALUS ONTUYECKUX UMITYJIBCOB C BBICOKOM
BPEMEHHOM cTaOUIIbHOCTHIO U PU-cHUrHana ¢ BEICOKOM CHEKTPalbHOW YUCTOTOM
[18]. Takoe TexHUYECKOE PEIICHUE MPEAINoaaraeT UCIOIb30BAHUE KOJIBIIEBOTO
BOJIOKOHHOTO JIa3epa C aKTUBHOW CHHXPOHM3ALMEN MOJI, BBITOJHSIIOLIETO POJIb
reHeparopa ontudyeckor Hecyumer, 1 O3I', BBINOJHAIOMIETO POJb TAKTOBOIO
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reHeparopa s aMIUIUTYJIHOM BHYTPUPE30HATOPHOM MOAYJSLMHU JIa3€pPHOTO
U3ITy4YEHHUS.
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Puc. 4. Cnexrpsl renepanuu OOI ¢ AByHaIpaBIeHHON HHXEKIIMOHHON CUHXPOHU3ALMEH:
Beaymuit O3I ¢ muHo# koHTypa 200 M (a) 1 Begombiid ODI ¢ muHo# kouTypa 20 M (b)

Q [ -]
4 (@O) o) OnTu4eckas )
KoHTpoanep OnTUYecKnit MHNA 3afiepHKr
nonapusauum nonocoeoi GuabTp
OnTu4yeckoe
onTuyecKkun BOJIOKHO
. MogynsTop ycunuTeNb
OnTuyecknmn Maxa-LlaHaepa
nenvtens
doTomeTeKTOpP
AoA i
P vennren EY
Y AW R WA W W Monocosoi
CnekTp PY penutens P4 dunetp
BbIXOZAHOTO ( & | Y,
PY curHana < | | |~

Puc. 5. Cxema cBsi3angoro O3I° ¢ 1BOWHBIM BBIXOIOM

Coznana mozenb cBsizanHOro OOI" ¢ IBOMHBIM BBIXOJOM U HUCCIIEIOBaHbI
PEXHUMBI €ro paboThl. B pekxnMe MMITyIbCHON Te€HEpaluy MOTYYeHBI Ja3epHbIC
UMITyJIbCchl ¢ (Gopmort yHkmu ['aycca cyOHAHOCEKYHIHOW ITUTEIHHOCTH.
HccnenoBaHa BO3MOXKHOCTh  YHOPABJICHUS JIMTEIBHOCTBIO M YacTOTOM
CJIEIOBAaHUs JIA3€PHBIX HMITYJIbCOB 3a CYET BapbHPOBAHUS IIUPUHBI CIEKTPa
reHepalMd  KOJIBIIEBOTO  BOJIOKOHHOrO  Jlazepa W dvactotel OOl
3aperucTpupoBaHbl BpeMEHHBbIE (OT uYmclia 00XOJ0B PE30HATOpA) SBOIIONUU
CIIEKTpa TeHepanuu U (POPMBI JIa3ePHBIX HMITYJIHCOB KOJBIIEBOTO BOJIOKOHHOTO
Jazepa C AaKTUBHOW CHUHXPOHU3AIMEH CHEKTPAIbHBIX MO, MO3BOJISIONINE
MIPOCTEANTH ITAIBl YCTAHOBIECHUSI UMITYJILCHOTO PEKHUMa TeHEPAIIHH.
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BOJIOKOHHBIE CBETOBO/IbI C IIPEJEJIbHO BBICOKOI1
KOHUEHTPAIIMEN OKCUJIA UTTEPBU: PASPABOTKA,
NCCIIEAOBAHUE CBOUCTB, IIPAKTUYECKOE ITPUMEHEHUNE

A.A. Puibanrosekuiil, M.A. Menbkymos?!, C.C. Anemkuna', M.M. By6nos?,
M.E. Jluxaues!, A.H. A6pamos?, M.B. Smxos?, [I.C. JIunatos?
YUnemumym obwen usuxu um. A.M. Ilpoxoposa PAH,
Hayunwiii yenmp eonoxonnou onmuxu um. E.M. JJluanosa, Mockea
2Uncmumym xumuu evicokouucmoix eewecmes um. 1.1 JJeesimoix PAH,
Huoicnuii Hoseopoo
E-mail: lidenis@yandex.ru

JlerupoBaHue CepalLIEBUHBI  CBETOBOJA  BBICOKOW  KOHIICHTpaIuen
UTTEpOUsT TIO3BOJIAET COKpPaTUTh €ro pabouylo JIMHY B BOJIOKOHHBIX
UCTOYHUKAX H3JIYUYCHHMsI, YTO BEChMa JKEJIATENIbHO JJIi MHOTUX MPAKTHYECKUX
MPWIOKEHUM: OHOYACTOTHBIC JIa3€Phl; JIa3ephbl C CHHXPOHHU3ALUEH MOJ] C OYEHb
BBICOKOW 4aCTOTOW MOBTOPEHUS; UMITYJILCHBIC JIa3€Pbl U YCUIIUTEIN C BHICOKOU
MUKOBOM MOITHOCTBIO U T.J. B manHOW paboTe B KadyecTBE Marepuasa
CEepAIIEBUHBI CBETOBOJOB OBLIM HCCIEIOBaHbl 3 Hauboyiee TOMYJISIPHbIC
matpuisl: Al,03-SiO, (AS), P20s5-SiO2 (PS) u Alx03-P20s-Si0O; (APS). Lens
paboThl 3aKitoyanach B YCTAHOBJIICHMHM MaKCHUMaJlbHO BO3MOYKHOTO YPOBHS
JeTUpOBaHus JaHHBIX cTekon YD;O3 (B TOM uHWclie MaKCHMajbHbBIE
koHuentparuu Al,O3 u P20s) cunresupyembix MCVD Metomom, mmpu KOTOpOM
CBETOBOJIbI COXPAHSIOT YCUIIUTEIbHbIE CBOMCTBA.

NzroTtosnenue npedopm mIpoBOIUIOCH C UCIIOIb30BAaHUEM TOHKOCTEHHBIX
OTOPHBIX KBapIeBbIX TpyO. B kauecTBe mpekypcopoB ObUIM BEIOpaHbI Haubolee
yucthie U JaeTyure npekypcopsl (SiCls, POCls, AlICIs, CCls, C2F3Cls, Yb(thd)s),
HalJIeHbl OINTUMAJbHBIE TEMIEPaTyphl TEPMOCTATUPOBAHUS COCAMHEHUN U
pazpaboTaHa cxeMa HUX JOCTaBKM B OINOPHYIO TpyOy, HCKIIOYAIOIast
B3aMMOJICHCTBUE MPEKYPCOPOB MEXIYy COOOW M KOHJIEHCAIUIO MapoB Majo-
JeTyuux coenuHeHui. PaspaGoTana opuruHanbHas METOAMKA pa3aeiabHOTO
OCXKJEHUSI KOMIIOHEHTOB CTEKJIa, C OCAKICHHEM YaCTHUYHO OCTEKIOBAHHOTO
TOHKOTO CJIOsS  Marpuibl, nponuTtkod ero Yb,O3 ©  OKOHYATEIBHBIM
CIUIAaBJIEHUEM IPOMMUTAHHOTO CJIOS B MPO3pavyHOE CTEKNIO. B naHHON MeTroaunke
OCaX/IeHUE KOMIIOHEHTOB CTEKJIa MPOUCXOJUT B ONTUMANIBHBIX yCIOBUSX. Tak,
kouBepcus YD(thd)s B Ybo,O3 mporekaer mpm cHwkenHoit o 1400 °C
TEMIIepaType. 3a CUeT ATOr0 JOCTUIaeTCsl XOPOILEe paclpeesieHue UTTepOous
o anuHe npegopMbl. Ha cTanuu mponuTKu OCHOBHAS YaCcTh BOJIBI YAJISETCS U3
OTIOpPHOW TpPyOBI, a BBICOKOTEMIIEPATYPHOE CIUIABICHHE CJIOS MPOTEKAaeT B
atMoc(epe xJjiopa u Kuciopoaa. B pesynbrare gJocTUraeTcsi BHICOKHI ypOBEHb
YUCTOTHl CHUHTE3UpPYEMbIX cTekon 1o coaepxkanuto OH rpynm. ['nmaBHBIM
JOCTOMHCTBOM METOJIUKH SBJISIETCS. BO3MOYKHOCTb BBEJEHUS B CHIIMKATHBIC
CTEKJIa CKOJIb YTOJHO BBICOKOH KoHIeHTparuii YhyOs, orpaHmdeHHON TOJIBKO
€ro pacTBOPUMOCTBIO B KOHKPETHON MaTpHIIe.

breuto m3rotosieno 3 cepun Yb-ceetoBomoB ¢ FAS, AS, PS u APS cepa-
LIEBUHOM B IIMPOKOM JHMANa30HE COCTABOB CTEKJIA CEPJALICBUHBI U MPOBEJICHO
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noApoOHOE WCCle0oBaHUE HMX CBOWCTB. BrepBble misi Kaxaod U3 Tmepe-
YUCICHHBIX MATpPHIl JOCTHUTHYT PEKOPAHO BBICOKHI YpPOBEHBH JIETMPOBAHHS
Yb203, comocraBuMbIii ¢ KOHIIEHTpAIUEH COJIETUPYIOImUX 100aBok. OOHaApyKeH
YpEe3BhIYANTHO BBICOKUI KOHIEHTPAIIMOHHBIN mpenen BxoxkacHus Yh,0z B AS
MaTpuIly, aocturatommii 4,5 Mmon% npu coaepxanuu Bcero 1,7 mon.% AlOs,
IpU KOTOPOM YPOBEHb ONTHYECKUX TOTEPHh B CBETOBOAAx He mpesbimaeT 0,5
ab/m (1150 um). YBenuuenue xe coaepkanus AlOsz 1o 3 Mmon% pe3ko cHIKaeT
Kak MuHuManbHble noTepu (no 0,05 nb/mM@1150 HM), Tak U ypoBEHb WHAY-
HUMPOBaHHBIX (oTonoTteMHeHueM mnotepb (200 nb/M@633 uM). YcrtaHoBieHa
npeaeibHas KOHLEHTpamus coserupyromeii godaBku AlIPOs (~20 mon%),
KoTopasi MoxeT ObITh BBemeHa YD-APS crexino (paspyuieHue mpedopmbl
BciaeacTBue Oousbiioil pasHunbl KTP martepuaioB) ¥ COOTBETCTBYIOMIMM ei
npeaenbHbIi ypoBeHb JerupoBanus YD,03 (2,4 mon%). Halizena 3aBUCUMOCTh
cooTHotieHus koHmentparuii YbyOs u AIPO., obecrnieunBaroiiasi HU3KHE OII-
THUYECKHE TMOTEPH B CBETOBOJAX, COryiacHo Kotopoi Ha 1 mMon% YD,Os3 Tpe-
oyercs 7,5 mon% AIPO4. OnpeneneH MakCUMalbHBIA YPOBEHb COBMECTHOTO
aerupoBanus kBapuesoro crekia P2Os u Yb,O3 B MCVD mpornecce, 12 u 2,5
Mo11%, cOOTBeTCTBEHHO. MakcumanbHoe cojaepxanue ¢ochopa U uTTepOUs B
Yb-PS crekne orpannumBaercs o00pa3oBaHHEM JICTYYHX COCJAMHEHUH B
ycnosusix MCVD mporiecca (oOpa3oBanue my3sipeit).

BriepBeie ObUTO0 0OHApY’KEHO, YTO HU3KHE ONTUYCCKUE MOTEPH, & TAKKE
HU3KHE TMOTEpH, HaBeJEHHbIE (POTOMOTEeMHEHHEM, HE SBISIOTCS TapaHTUEn
YCHIUTEIBHBIX CBOMCTB cBeTOBOJOB ¢ AS u APS cepauesunoii. Jlna obeux
MaTpull TpeaenbHas KoHieHtpamus Yb,Os cocraBmser ~ 1,3 Mon% mpu
KOTOPO#l CBETOBOJIbI COXPAHSIOT MaKCUMAIBbHYIO 3(P(EKTUBHOCTh yCUIICHUS, 75
u  79% coorBeTcTBeHHO. JlampHEHIIMN pOCT KOHIEHTPALMU UTTepOus
COTIPOBOK/IAETCA Jerpajaliuedl YCUIUTEIbHBIX CBOWCTB CBETOBOJIOB, BILUIOTH /10
TIOJTHOM yTpaThl UMHU CITIOCOOHOCTH YCUJIUBATh CUTHAIL.

Bnepseie oOHapyxkeH 3(@eKT KOHIEHTPAIIMOHHOTO TYIIEHUS JIFOMU-
HecueHmu noHoB Yb®*" B YD-AS u Yb-APS creknax, Hanmuuue KOTOpOro 0bL10
MOJITBEPKICHO M3MEPEHUSIMH BPEMEHM KU3HHU JTIOMUHECHEHIIMHU, KBAHTOBOTO
BBIXO/Ia U YPOBHS HEMPOCBETIAEMBIX ONTUYECKUX MOTEPh. 3HAYEHUSI BCEX TPEX
NapaMeTpoB KOPPEIUPYIOT MEXIy CO00M U CHHXKAIOTCS C POCTOM KOH-
neHTpauu YD203 B AS u APS creknax. [IpeamnonoxurensHo TpUIHHONW KOH-
[EHTPAIMOHHOTO TYIICHHS JIIOMUHECIICHIIUU B BBICOKOJIETUPOBaHHBIX YD-AS n
Yb-APS creknax SIBISETCS MHOXECTBEHHOE B3amMojeiicTBie noHoB YD®' wim
’Ke MPOLECC MUTPALIMOHHO-YCKOPEHHOT'0 TYIIEHUS Ha Takux npumecsx kak OH
IpyNINbl WIK HEHTPaX OKPAcKu, TE€HEPUPYEMBbIX MPOLEecCcOM (OTONOTEMHEHHUS.
Hckmrouenne cocraBmwim Ybh-cBeToBoas! ¢ PS cepaneBnHON, UMEIOIIUE CaMyIO
BBICOKYIO 3(hPeKTUBHOCTh ycuieHus (Boiiie 90%), KOTopas He CHUXKAETCA TaxKe
B cllydae TpeJieibHO BhICOKOW KoHIeHTpanuu Y hy0s3 (2,5 Mmon%). Kpome atoro,
YDb-PS cBeroBombl OKa3zaauCh COBEpPIICHHO HE MOABEPXKEHBI dDPeKTy
¢oronoremHeHus (YpOBEHb HAaBEJIECHHBIX MOTEPh CyLIECTBEHHO HIDke | n1b/M B
obnactu 1 MKm).
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B kauecTBe NPAKTUYECKOTO MPUMEHEHHUS HCCIEAOBAHHBIX CBETOBOJOB
MO>XHO BBIIENUThH cieayrolue pa3zpabotku. IIpogeMoHCTpupoBaH pEeKOPAHO
KOPOTKHi, BBICOKO3()()EKTUBHBIN BOJOKOHHBIA YyCHJIUTENh Ha OCHOBE Yb-APS
CBETOBOJA: JIMHA Bcero 3,8 cM, 3(PeKTUBHOCTh MpeoOpa30BaHUs HAKauyKd B
curnain 79%. Pa3pabdotan konycusiii Yh-APS-LMA (large mode area) ceetoBoa
¢ mbeaectasoM. Ha ero ocHoBe co3AaH MOTHOCTHIO BOJIOKOHHBIM YCHUIUTENb U
MPOBEJIEHbl JKCIEPUMEHTHl 1O YCWICHHIO YHUPHUPOBAHHBIX HUMITYJIbCOB.
[IpenenbHbI ypOBEHb SHEPTUHM UMITYJIBCOB MPU I'ayCCOBOM KaYECTBE UX CHKATHS
coctabun 20,4 Mk/[xk, 4TO COOTBETCTBYyeT MHKOBOW MomiHocth 50,9 MBT.
MakcuMainbHasi MUKOBasi MOIIHOCTh cocTaBuia 92 MBT (pekopaHo BbICOKas
JUISl TIOJTHOCTBIO BOJIOKOHHBIX CHUCTEM) B UMIYJIbCaX IIUTENbHOCTHIO 670 e
npu 3Heprun umiyibsca 61,8 MkBT u cpenneit momuoctu 3,5 Bt. Ha ocHoBe
BeICOKOJIerupoBanHoro Yh-PS cBeToBoga co3maH cTaOMIBHBIA OJHOYACTOTHBIH
BOJIOKOHHBIN nazep (1066,4 um) momHocThiO cBBIe 30 MBT. Kpome sToro, B
Hacrosiee BpeMsi YD-PS CBETOBOJBI HIMPOKO HCHOJB3YIOTCS ISl BOCHHBIX
NpUMEHEHHH (TaHKOBOE MpulleIbHOe yCTpoilcTBO CocHa-Y).

HccnenoBanne BBINOJIHEHO B paMKaxX rocyiapcTBeHHOro 3aganus FFSR-

2022-0005.
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' AJIOTEHU]IbI CEPEBPA — ITEPCITEKTUBHBIM MATEPUAIJI
JUISL BOJIOKOHHOM UK-TEXHUKA

C.M. ITumomko, M.C. Ky3unenos, K.C. 3apameHckux,
A.A. TlaxomoBa, A.P. Pomanenko, I'.B. Ilomsakosa, JI.H. byrBuna
T'ocyoapcmeennbvlil HayuHO-UCCIE008aMENbCKULL U NPOEKMHBIU UHCTMUNY M

peokomemaiiuieckol npomviuliennocmu «I upeomemy, 2. Mockea
E-mail: vorpat2402@Dbk.ru

CBeToBOABI [Jis1 JUIMHHOBOJIHOBOW OO0JIACTH CHEKTpa MNPUMEHSIOTCS B
Hay4YHO-HMCCJICIOBATEIILCKUX W OMBITHO-KOHCTPYKTOPCKUX paboTax, a TakkKe B
Pa3IUYHBIX 00JACTAX MEIUIUHBI U TMPOMBIIIJIEHHOCTH. BocTpeOOBaHHOCTH B
CUJIOBOM M BOJTHOBOM OMNTHKE cpeaHero u aanbHero MK-nuama3zona npogoskaer
pacTd BBHUJy T[IOCTOSSHHOTO Da3BUTHS Takux cdep, KaKk KOCMUYECKHE
UCCJICJIOBAHUS, SKOJOTUYECKUH MOHUTOPHHI, MEIUIIMHCKAsl JIUAarHOCTHUKA U
nedeHue 3abojeBaHuil (B TOM  4YHCJI€ CTOMATOJOTMYECKHX), CHHTE3
opraHnueckux u ¢apmaieBTuueckux BemectB [1]. Cpenu KpucCTaIMYECKUX
MaTepUajoB TMEPCIEKTUBHBIMU SIBISIOTCS TaJIOTEHUABI cepedpa U HX
coenuHenus. OHu mpo3pauydbl B 10-MUKpOHHON 00JIaCTH, MajIOpaCTBOPUMBI,
o0saaT Ie3uHOUIMPYIONIMM JeHCTBUEM, O0€30TacHbI IS YeJIOBEKa, UMEIOT
HE TOJIKO IIUPOKUM CIIEKTPAIbHBIN IHUamna3oH mpormyckanus (0T 2 g0 20 MkMm),
HO U YyJOBJIICTBOPUTEIIbHBIC TMPOYHOCTHBIE KauecTBAa W  XHUMHUYECKYIO
yCTOWYMBOCTh [2]. BO3MOXHOCTP TpPUMEHEHHUS ONTUYECKOTO BOJIOKHA Ha
ocHoBe KPC-11 u KPC-13 uzyuaercs Ha 6aze npeanpusatus AO «['upenmer»,
I7Ie TEXHOJIOTHSI M3TOTOBJIEHUS MOHOKPHUCTAJUTMYECKHX 3arOTOBOK M3 JAHHBIX
MaTepHuajoB Xopoiro orpaborana [3].

[lo wuroram wuccienoBaHusi OblIa TOJATOTOBJIEHA CHUCTEMa KOHTPOJIS
OCHOBHBIX TapaMeTpPOB BOJOKHA, M3TOTOBIEHHOTO W3 TaJIOTEHHUIIOB cepedpa.
[lonmy4yeHsl OCHOBHBIE NapaMeTpPbl HM3TOTOBJICHHBIX CBETOBOJIOB TaKHUE Kak:
CHEKTpaIIbHOE MPOMYyCKaHUE, CIIEKTpabHAs 3aBUCUMOCTbD TOTJIONICHUS, a TAKKE
II0Ka3aTeab IOTJIONICHUS Ha AianHe BOJHEBI 10,6 MKM.

1. K.C. 3apamenckux, M.C. Ky3ueuos, JI.LH. bytBuna u ap. ®oToH-
akcmpece. 6 (174), 315-316 (2021).

2. L. Butvina, “Polycrystalline Fibers” in the book “Infrared Fiber
Optics”, Edited by A.S. Sanghera, 1.D. Aggarwal, CRC Press, Boca Raton,1998,
pp. 209-249.

3. C.M TIMumomiko, B.O. YmuoB, M.C. Ky3nenos u ap. Jlazepsr B Hayke,
Texauke, meauimHe: COopHuK HaydHblXx TpyaoB XXXIII MexnynapoaHoit
koHpepenun —M. —2022, Tom 33, —c. 102-106.
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PA3PABOTKA IOJUKPUCTAJUIMYECKMX CBETOBO/IOB
C OIITUYECKOM OBOJIOUKOMN

A.A. ¥Oxaxkosa!, JI.]I. Canumrapees?, A.E. JIbpos?, I1.B. ITecrepenal,
W.B. IOxakos?, JI.B. XKyxkosa?
YVpanvckuil pedepanvrpiii ynusepcumem
um. nepsozo Ilpezuoenma Poccuu b.H. Envyuna, Examepunoype
E-mail: l.v.zhukova@urfu.ru

Bonokonnas ontuka cpennero MK nuamazoHa HaxoguT CBOW HpH-
MEHEHHE B JIa3€PHBIX TEXHOJIOTHSIX, OMNTOAICKTPOHUKE, CIEKTPOCKOIHUHU, TUar-
HOCTHKE 3abosieBaHuii, Tepmorpaduu. OpHAKO TOAABIAIONICE OOIBITMHCTBO
JAHHBIX TTPUMEHEHHI OCHOBAHO Ha MCIOJIb30BAHUHM CBETOBOJIOB C ONTHYECKOMU
ob6omoukoit. Cpenu rajoreHUAHBIX BOJIOKOHHBIX MAaTE€pUalioB M3BECTHBHI CBE-
TOBOJbI C ONTHYECKOH 0000ukoii Ha ocHoBe cuctemMbl AQCl — AgBr [1], ¢
OTHOCHUTEJIbHO Y3KHUM JHaIa30HOM MpornyckaHus 2—18 MKM U MajbiM CPOKOM
CITY>KObI u3-32 ()OTOUYBCTBUTEIBLHOCTU. PemieHneM naHHON MpoOJieMbl MOXKET
crtath paspabotka MK cBeTOBOJOB Ha OCHOBE HOBBIX MaTE€pPUAJIOB CHUCTEM
AgBr - Ag|, AgC|0,25Bro,75 - T|Bl’o,46|o,54 u AgC|oyszro,75 - T|C|0|74BI’0,26,
KOTOpbIE CIOCOOHBI HE TOJBKO YBEJIMYHUThH JHAMA30H CIEKTPAIbHOIO IIPO-
yCKaHMsl, HO U SIBJISIIOTCS O0Jiee TBEpAbIMU, (DOTO- U paualliOHHO-CTOMKUMH.

Ha mnepBom »9rame oCylIeCTBISUICS aHAIW3 CBOWCTB ONTHYECKUX
MaTepuaIoB U MOAEIHPOBAHUE PACIPOCTPAHECHUS U3IIYUEHUS MO BOJIOKHAM, IO
UTOTaM KOTOPBIX OBLIM BBIOpPAHBI COCTaBbI, 00ECTIEUNBAIOIINE PA3HUILY MEXIY
NoKa3aTeasiMUA TIPEJIOMJICHUST CepaAlleBUHBI-000m0uku He Oornee 0,01. [danee
OCYILECTBIISICSI CUHTE3 MOHOKPHUCTAJUIOB 3aJJaHHOTO COCTaBa I0 METOJaM
TEPMO30HHON KpHUCTaJUIM3alMU-CUHTE3a U bpumkmeHa. MOHOKpUCTAIIBI JIs
00O0JIOYKHM M CEpAIEBUHBI IMOABEPrajuCch XMUMHKO-MEXaHUUECKOU 00paboTke,
mocjae 4yero mo meroxy rod-in-tube M3 HHMX HM3roTaBIMBajIach 3aroToBKa IS
AKCTPY3MM. OTa 3aroTOBKa IMOMEIIAlach B KOHTEHWHEp, YCTaHABIMBAIUCH
bunsepa ¢ BHyTpeHHUM auameTpoM 1120 MKM, TUTYH)KEp U BCIIOMOTATEIbHBIC
AJIEMEHTHI, BCS OCHACTKAa B COOpPaHHOM BHJE ycTaHaBiuBaiachk B mpecc [1OU-
500. 3aroroBka HarpeBasiacb g0 200 °C, mocie 4ero BbIAEpKUBaiach IpHU
JaHHOM TemnepaTtype B TedeHMe 90 MUH sl JOCTUKEHUS BBICOKOU
IJJACTUYHOCTU U JKCTpyAaupoBanack. B pesynbrate Obuin momyuensl UK
BoJiokHa juHOMN 1,2-3,3 M, quamerpom 1120 MxM. BosiokHa momemaauch BO
¢dbToporIacToByr0  O00JIOYKY M OKOHIIOBBIBAIUCH SMA-KOHHEKTOpaMHU.
Bonokna mokaszanu crekTpaabHOE MPOMyCcKaHue B nuamas3one 3,5-27,0 MM 6e3
OKOH TorJoneHusi. Muaumanbhbie notepu gqocturaiu 0,2 nb/m.

HccnenoBanne BBIMONTHEHO MPHU (UHAHCOBOUM Tonepkke MuHUCTEpCTBA
HayKH ¥ Bbiciiero oopaszosanusi Poccuiickoit denepannu B pamkax [Iporpammsl
pasBUTHS  YpaiabCKOTO  (eepaJbHOTO YHHBEPCHTETa WMEHU  TIEPBOTO
IIpesunenra Poccum b.H. EnpuuHa B COOTBETCTBHM C  MPOrpaMMOM
CTpaTeruveckoro akagemudeckoro jguaepcrsa «IIpuopuret-2030».

1. L.N. Butvina, E.M. Dianov, D.V. Drobot, et al., Proc. SPIE 1048, Infrared
Fiber Optics (1989) 17-23.
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BUCMYTOBBIE BOJIOKOHHBIE CBETOBO/IbI IJIA1 YCUJINTEJIEMN
E- U S-AIMAITA30HOB JJJIMH BOJIH C HAKAYKOMH T10 OBOJIOYKE

ILW. Oneiinnk!, A.A. Ymuukos!, A.H. A6pamos!, A.C. Baxpymes?,
C.B. Anmbines?, A.M. Xeraii?, E.I. ®upcrosa?, M.A. MenbkyMoB?,
C.B. ®upcros?

YUcemumym xumuu evicoxouucmoix éewecmes um. I I JJeessmoix PAH,
Huoicnuii Hoseopoo
2Uncmumym obwei gusuxu um. A.M. Ilpoxoposa PAH,
Hayunwvii yenmp eonoxonnou onmuxu um. E. M. Jluanosa, Mockesa

E-mail: od@ihps.ru

BucMyToBbIE = BOJIOKOHHBIE  JIa3epbl W YCWIHTEIU  SIBIISOTCS
NEePCIEKTUBHBIMU JIJIsl TIOJTYUYCHHUS JIa3€PHON IeHepallui U yCUJICHUS B IITUPOKOM
nuamnaszone aiauH BoaH 1.1-1.8 MrM. B 3aBucuMocTH OT cocTraBa CTEKiIa
CEpAIIEBUHBl BUCMYTOBBIE CBETOBOJIBI JICMOHCTPUPYIOT pa3HbIE Xapakre-
PUCTHKH, W, B YaCTHOCTH, cBeToBombl Ha ocHoBe GeO-SiO, crekna
npeaHa3HadeHbl 11 00acT 1uH BoiaH 1360—1500 HM.

[IpepopmMbl  CBETOBOIOB HW3TOTABIMBAJIMCh IOJTHOCTHIO TrazodasHou
MCVD Ttexnonorueil. B xkauectBe nmpekypcopa BUCMyTa Hcnonb3oBaics BiBrs,
KOTOPBIA TepMoOcTaTupoBaycs npu temneparype ~185 °C, B kauecTBe rasa-
HOocuTeNsl ucrnonb3oBaiics He. Ilpoduns cBeroBemymiet cTpykrypbl (Gopmu-
poBajcs mocioiHeiM ocaxkacHrueM GeO2-SiO; crekna, e BapbHPOBAIACh
KoHIeHTpalus 100aBku GeOz M UTOTOBBIN MPOQUIIL TTOKA3aTeNs MPEIOMIICHUS
CTEKJIa CEPJILICBUHBI OB ONIM30K K TpajueHTHOMY. JlerupoBaHue IeHTpabHON
YaCTU CEPALEBUHBI BUCMYTOM IMPOU3BOAUIOCH IBYXCTAIUINHBIM METOJIOM, IJIE
OCaKICHHBIA 00OpaTHbIM MpoxomoM mopucteiii ciaor  GeO2-SiO, crekia
OoCTeKJIOBbIBaJIcs B moToke BiBri. Ilocie dero mpou3BoauiIoCh CXJIONBIBAHHE
TpyOkH c ocaxaeHHbIMU ciosMu B motoke Oz m CCls s CHMOKCHHS KOH-
nentpammu  OH-rpynn. W3 wusroroBieHHOW mpe@opMbl  BBITATHBAIUCH
CBETOBOJIbI C TUAMETPOM cepleBUHbI ~30 MKM U <60 MKM.

Pa3paGoranHble BUCMYTOBBIE CBETOBOJBI MOTYT CIIYKHTh OCHOBOH IS
CO3/IaHUs YCUJIMTENSI MOIITHOCTH, paboTaroriero B E- u S-auanazonax, KOTOPHIi
crioco0eH 00ecTneunTh BBIXOJHYI0 MOIIHOCTh =~ 1 BT mpu wucnosbp3oBaHUH
MHOTI'OMOJOBOM JUOJHOM HAaKaYKH Ha JIrHE BOJHBI 808 HM.
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Absorbed pump power @ 808 nm, W
Puc. 1. 3aBucumoctu BI)IXOI[HOI\/'I MOIIIHOCTHU OT HOFJ'IOH.[CHHOﬁ MOIITHOCTHU HAKAYKH JIA
YCUIIUTEIISL HAa OCHOBEC BUCMYTOBOI'O CBE€TOBOAA C JUAMETPOM CCPALICBHUHBI ~60 MKM.

PaGora Brimonaena B pamkax roc3aganus UXBB PAH Ne FFSR—2022-0005.
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PA3PABOTKA BOJIOKOHHOTI' O JJABEPHOI'O UICTOYHUKA
VYIBTPAKOPOTKUX UMITYJIBCOB JJIAA MOJU®UKAILINN
[TPO3PAYHLIX MATEPHNAJIOB

A.B. Cynpun!, C.H. Ymakos’ %, .A. Bonkos!, K.H. Humes', H.A. Oaun?,
M.A. Ycenamunal, M.1O. Biacos! 3
Mopoosckuii 2ocydapcmeennuiii ynusepcumem um. H.II. Ozapéea, Caparck
2Uncmumym obwen gusuxu um. A.M. ITpoxoposa PAH, Mockea
SUnoicunupunzoswiil yenmp sonoxonnou onmuku, Capanck
E-mail: aleksandr.sudin1999@mail.ru

Moaudukanus mokazaTessi MPEJIOMIICHHS B MPO3payHbIX MaTepuaiax Mo
JNEUCTBUEM  JIa3€pHOTO  M3JIYYEHHs] aKTHUBHO  MCCIEIYEeTCsl  IOCJEIHUE
necatuietus. OcoOblii UHTEpeCc B 3TOM O0JACTH MPOSBISIETCS K HUCTOYHUKAM
U3Iy4eHus: ¢ (PeMTOCEKYHIHON JIMTENbHOCThIO uMITysbca [1]. DTo cBs3aHO €
UX CHOCOOHOCTHIO A((PEKTUBHO M3MEHATh 3HAUCHHE MOKA3aTessl MPEeIOMIICHUs
B TPAKTUYECKH JIFOOBIX MPO3padyHbIX Marepuanax. B Hacrosiiee Bpems ¢
OMOIIbI0 (EMTOCEKYHJHBIX JIa3€POB MOXKHO H3rOTaBIMBATh BOJIOKOHHBIC
OpATTOBCKHE PEIIETKH, ONTUYECKUE BOJHOBOJIBI, Pa3IUYHBIC MUKPOOIITHUCCKUE
KOMITOHEHTHI U T.]I.

B oroit paboTte, B KadecTBe 3a/JalOlIer0 HMCTOYHHKA TMpeajiaraeTcs
MOJIHOCTBHIO BOJIOKOHHBIM Jla3ep C CaMOCHMHXpOHHU3alue Moa. MuHuUManbHas
MOIIIHOCTh HAaKauKH, IPU KOTOPOM JOCTUTAETCS CAMOCHHXpOHU3alus Mo, 1.46
Br. YBenuyeHue MOIIHOCTHM HAKayKU MPUBOJUT K HEOONBIIOMY YHIUPEHHUIO
onTtuyeckoro cmnekrpa. Ha puc. 1 mnpeacTaBieHbl ONTUYECKUNA CHEKTp U
orubaromasi HMITyJbCa BBIXOJHOTO U3JIyYEHUs Jia3epa, IMOJIy4YeHHbIE TMpU
MOIIIHOCTH Hakauku 2,23 BT. BbIxogHas MOIIHOCTh M3JIy4YeHHUS MPH ITOM
coctasiisieT 10 MBT. M3nyuenue nuMeeT HeHTpaIbHYI0 1JIMHY BOJIHBI 1081,2 HM ¢
muprHOM Ha ypoBHe 3 nb 33 Hwm. Jlazep paboraer Ha ¢yHIaMEHTAIbHON
4acTOTE MOBTOPEHUS UMITYJIbCOB 4.7 MI'11.

Pabota BeinonHeHa npu noanaepxke @I'BY «Doua cogelicTBUs pa3BUTHIO
MaJbeiX (popM MpEeanpusTH B HAYUYHO-TEXHUUECKOU chepey.
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Puc. 1. OnTudaeckuii criekTp (a) u orudarorias UMITyjabca (0) BEIXOJHOTO U3TyUYeHHUS
BOJIOKOHHOTO JIa3€PHOT'0 UCTOYHUKA.

1. X. Wang et al., Optics & Laser Technology, 135, 106687 (2021).
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JNHAMUKA HACTOTHO MOAYJIMPOBAHHOI'O UMITYJIBCHOI'O
N3JIYHEHUA B AKTUBHOM CBETOBOJIE
C ITPOAOJIBHO MEHAIOIIENCA AUCITEPCUEN

A.C. A6pamos, B.A. Jlanun, I1.I1. Muponos
Hayyno-uccnedosamenvckuti mexunonocuuecxkuti uncmumym um. C.I1. Kanuyul,
Vavanosckuii 2ocyoapcmeennulil yHugepcument
E-mail: Iva2013@yandex.ru

Uccnenyercss cnoco® monyueHusl YCUJICHHUS] M BPEMEHHON KOMITPECCUU
YaCTOTHO MOJAYJHPOBAHHBIX HMITYJIbCOB B aKTUBHOM CBETOBOJE C Mpoduiiem
3aBUCUMOCTU JUCIIEPCUM OT JUIMHBI MOJOOpPAaHHBIM TaKUM O00pa3oM, YTOOBI
oOecrnieurBaTh MaKCUMAaJbHBIE CTEMEHU CXKATHS MMIYJIbCOB C 3aJaHHBIM
HAYJIbHBIM YMPIIOM IIPU IOCTOSHHOM YCUJICHUU CBETOBOJA.

Junamrika BpemeHHoW orubaromeit BII omuceiBaeTrcst ypaBHEHHEM st
aMIuTyAbl orubaromei suga HYII [1, 2]:

oA . d,(Z)*A .
— i iR|A A=A 1
6z|282'2+||| : @

rae 7=t—z/v, — Bpemsa B Oeryue# cucreme KOOPIHMHAT, d, :(dzﬂ/ da)z) -
JUCTIEpCHsI TPYIIOBBIX cKopocTei BTOoporo mopsaka (AI'C), R — Kepposckas
HEJIMHEWHOCTh, § — KO (PUITMCHT YCHUIICHUS B BOJIOKHE.
B pabote 6bu1a BrIOpaHa 3aBUCUMOCTD TUCTIEpCHH BUA [2]:
ao|dzo|

dz(z):—|d20|exp{—g—(exp(2gz)—1)+ZQZ} (1)

0
re ¢, — HayaJbHBIA 4YUpH uMMyJbca. B pabore paccmaTpuBayicsi 4acTOTHO

MOJTYJIMPOBAHHBIN UMITYJIbC:
A(0,7) = \[R,sech(z / 7,)exp(ic,7?) )

30, 4:(2)/d,(0) 10%P. BT 2
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Puc. 1. 3aBucumocts HopmupoBanHnoii JJI'C
d, (z) = —|d20|exp[—zc(exp(2902)—1)+ 2goz] (a) u nmukoBoi MomHocTH (b) pu

k=(0511.5; 2)-(a0 |d20| / go) — kpuBsle (1-4).

[IpuBeneHHble Ha PHUCYHKE 3aBUCHMOCTH TOKa3bIBAIOT, BbIOpaHHAas
3aBUCUMOCTD SBJISICTCSI HAWJTYYIIEH [T UCIIOJIb30BaHHBIX 3HAYEHNUM PAaCUETHBIX
MapaMeTpPoB.

PaGota Bemonnena npu nonnaepkke PH® B pamMkax Hay4HOTO MpOEKTa
Ne 23-22-00412.
1. G.P. Agrawal “Nonlinear Fiber Optics” (Elsevier, 2013).
2. A. Abramov et al., Photonics 9 (3), 160 (2022).
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CIIEKTPLI HTOJIAPU3ALIMOHHO-3ABUCHUMOI'O YCHUIIEHUA
B ®OCOOPOCHUIIMKATHBIX BUCMYTOBbBIX BOJIOKOHHBIX
YCUIJINTEJIAX

A.B. Enonos!, K.E. Promkun!, ®.B. Adanacses?, C.B. Anbimes?,
A.B. Xapaxopaun®, A.M. Xeraii!, E.I. ®upcrosal, C.B. ®upcros’,
M.A. MenbkymoB?

YUumemumym obwett ¢pusuxu um. A.M. IIpoxoposa PAH,
Hayunwiii yenmp eonoxonnou onmuxu um. E.M. Jluanosa, Mockea
2Uncmumym xumuu ébicokouucmoix eewecme um. 1.1, Jeesmoix PAH,
Huoicnuii Hoseopoo
E-mail: elopov@fo.gpi.ru

[MonsipuzanmonHo-3aBucumoe  ycuienue (I13Y) saBnsieTrcs wu3ydeHHBIM
SBJICHUEM B JOPOUEBBIX BOJIOKOHHBIX YCHUJIUTENSAX, KOTOpPHIE TOBCEMECTHO
UCTIONB3YIOTCS JUISl YCUJICHWS CUTHAJIA B TEJIEKOMMYHUKAIIMOHHBIX JIMHUSX.
BonokoHHO-ONTHYECKHE JUHUU CBS3U C HPOMEBBIMU YCUIIUTEISIMH MOTYT
HakarumBaTh 0 4 nb pa3HUIly B YCWJICHUH, YTO MPUBOJIUT K JErpajalidu
KauecTBa pabOTHl BOJIOKOHHOW JuHUU cBsi3u [1]. HecMoTpst Ha Bce Oorbliee
pacrpocTpaHeHHUE BUCMYTOBBIX BOJOKOHHBIX ycuiutenedr (BBY), B Hux
naHHblii 3pdext He m3ywancs. OaHako, cieayer oxuaarb, yto [I3Y Oymer
ropasio CcujbHee MposBIATECE B BBY B cuiy Toro, 4ro anuzorponus
BUCMYTOBBIX aKTHUBHBIX HEHTpPOB (BAILI) cymiecTBEeHHO BbIllIE, YEM Y HOHOB
apbus: 0.2-0.3 B BAI] [2] mpotuB 0.6-0.7 y nonos >pous [3].
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Puc.1. Cnextpsl 113V (cneBa) u ycuiieHus ciadoro curiaia npu napamuieabHOM
(CIIIONTHAS JIMHUS) U OPTOrOHAILHOM (ITYHKTHPHAsI JIMHKSI) B3aUMHOM HaIlpaBIICHUH
MOJIAPU3allMY HaKayKu U curHana (cnpaa) B hocopocunnkatHom BBY
Ha pa3JIMYHBIX MOIHOCTSIX HAKAYKH.

B nacrosimeit pabore mbl xotuM mnpeacraButh [13Y B BBY Ha ocHoBe
dochopocHIIMKAaTHBIX aKTUBHBIX CBETOBOJIOB, Puc. 1.

Hannas paboTta mojaepkaHa TpaHTOB Poccwiickoro HayyHOro ¢oHIa
Ne22-79-00157, https://rscf.ru/project/22-79-00157/.

1. E. Lichtmann, Electron. Lett. 29, 1969-1971 (1993).
2. A. V. Elopov, et al., Photonics 10, 860 (2023).
3. L. O. Martinez-Martinez, et al., REV MEX FIS 59, 302-308
(2013).
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HU3KOAIIEPTYPHbBIE CBETOBO/Ibl, AKTUBUPOBAHHBIE BUCMVYTOM,
JUIAA HAKAUKU I[10 [TIEPBOU OBOJIOYKE

A H. A6pamos!, JI.®. Bypmuctpos!, M.B. Smkos!, A.C. Baxpymies?,
A.B. Xapaxopaun?, C.B. Anpbiues?, C.B. ®upcros?, M.A. MenbKkymoB?
L Unemumym xumuu évicoxouucmoix sewecme um. I'.T. [Jeesimoix PAH,

Huoicnuii Hos2opoo
2 Uncmumym obweti pusuxu um. A.M. IIpoxopoéa PAH,
Hayunwiii yenmp eonoxonnou onmuxu um. E.M. /luanosa, Mockea
E-mail: denburmistrov2001@gmail.com

Pa3paborka 3(exkTUBHBIX BHCMYTOBBIX BOJIOKOHHBIX cBeTOBOAOB (BC) ¢
JBOMHOW O0O0JIOYKOW TO3BOJHUT HCIOJIB30BAaTh JJIi MX HAKAYKU MOIIHBIC JIa3epHBIC
JIMOJIbI, UTO B CBOIO OUEpEab 00ECIEUUT, 3HAUUTEIBHOE YIPOIICHUE UX KOHCTPYKIIUH,
a, B TIEPCIEKTHUBE, U OOJBIITYIO BEIXOIHYIO MOITHOCTh YCTPONUCTB Ha MX OCHOBE.

B Hacrosmeit pabote npencTaBieHbl pe3yabTaThl HamuX ucciaenoBanuit BC u3
3aroToBKH nosiyueHHoi MetogoM MCVD, co ctekinoMm cepaneBunbl coctaBa Bi:GeOz-
F-SiO2, ¢ Majoii BETWYMHOM pAa3HMIBI TOKa3aTeleH MPeJOMIICHHS OOOJOYKU |
cepaneBunbl An ~ 0.0015, u mornomnieHueM BucMmyTa 1o cepanesune 3 n1b/m na 1400
HM. brarogaps manomy ypoBHIO An u Oousbinoi konueHtparmu BAIL-Si ynamock
MOBBICUTh TOTJIONIEHHE o 0bOojouke 10 ypoBHs 0,55 nb/m na 820 um mns BC ¢
oTceukol ~1,56 MKM, YTO MO3BOJISIET OOECIEYHUTH OJHOMOJOBBIA PEKUM JIa3epHOU
reHepamuu B ooiactu BOm3u 1,46 MKM.
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Puc.1. [Ipoduns An, mornoinieHre mo 0007I09Ke U BBIXOAHAS MOIITHOCTh T'€HEPaIliH.

B xauectBe mpekypcopa BucMyTa ucnoiab3oBaiics BiBrs, a mpekypcopa ¢ropa,
nonmxkaromiero An, — CoF3Clz. TpyaHOCTs KOHTPOJISE cOCTaBa CTEKOJ CO (PTOPOM, U Kak
ciencTBue An, oOyCIOBIECHO OOpa3oBaHHWEM B IMPOIECCE CHHTE3a, TAaKUX JIETYIHX
komiioHeHTOB, kKak GeFs, POF;3 u SiFa.

BBIn M3roToBIIEH CBETOBOJ C JBOMHON OOOJIOYKON C IHAMETPOM CEpIICBHHBI
~20 MKM, ® pa3MepoM KBapleBOW OOOJOYKH, BBIIIOJHEHHOH B  ¢opme
BocbMHUTpaHHMKa, 125 mxM. [lanubeiii BC Obul mpoTecTHpOBaH Ha TEeHEpallMOHHBIC
CBOHCTBAa B JMHEHHON cxeMe Jiazepa ¢ Hakadykod mo oOonouke Ha 808 HM.
MakcumanibHasg BBeJleHHas B akTuBHBI BC MomHOCTh Hakauku cocrtaBistia 35 Br,
Y10 MO03BONMWIO NMonyunuTh ~380 MBT Ha 1461 HMm. [lornomeHue Hakauku B Jia3epe
coctaBmiio 6osee 90 % nns ontumanbHOU anuHel BC — 73 M. [IuddepennmanpHas
3¢ pexTUBHOCTH Ja3epa ObUIa JOBOJBHO HHU3KOH ~1.5% OT IMOTJIOIIEHHON MOIITHOCTH
Hakaudku. [Ipuunnel Hu3koro KIIJI 1o kOHIIAa HE SICHBI.

Pabora Oplna BeImosHeHa B pamkax roczamanus MUXBB PAH Ne FFSR-2022-
0005. Pabora Obuta BeIMONHEHa Tpu Tonnepxkke Poccuiickoro Hayunoro ®donpa
(I'panT Ne 22-19-00708).
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RADIO PHOTONIC APPROACH FOR GENERATION
OF SPECTRALLY PURE MICROWAVE SIGNALS

M.V. Gerasimov, K.V. Kireev, E.Yu. Mardaev
National Research Ogarev Mordovia State University, Saransk
E-mail: gerasimov.mv12@gmail.com

The use of photonic technologies in radio electronics has led to the
formation of a separate direction — radio photonics (microwave photonics) [1-
3]. Components and devices of radio photonics are intended to implement the
functions of receiving, processing, converting, storing, transmitting information,
and converting energy. The radio photonic component base is products of
microwave electronics and photonics, which are a set of electrically and
optically connected components that form functionally and structurally complete
assembly units. The joint use of photonics and microwave electronics allows for
the creation of devices with unique technical characteristics.

Due to the large bandwidth (>40 GHz), low optical losses (0.2 dB/km)
and immunity to electromagnetic interference, the methods and technologies of
radio photonics are relevant for high-speed signal processing, which finds
application in analog and digital radio frequency systems. At the same time, the
general requirement for high-speed signal processing is to ensure accurate
synchronization. There is a need for clock signal sources with very low phase
noise (with high spectrum purity) to increase the resolution in radar and
measurement systems, to multiplex data streams and increase the throughput in
optical digital networks, to increase the signal-to-noise ratio in analog-to-digital
conversion and to reduce the phase noise of optical pulses in laser systems with
active mode locking. A promising direction is the use of this generator type as a
high-Q selective amplifier for selective amplification of low-power radio
frequency signals in conditions of strong interference [4].

A striking example of a photonic system that can provide microwave
clock signals with very low phase noise in the microwave to millimeter
wavelength range is an optoelectronic generator (OEO) [5-10], which is a
hybrid system consisting of a radio-electronic and photonic subsystems (Fig. 1).
The key feature of such a system is the use of a photon line as a feedback loop.
OEO is an self-exciting oscillator and consists of two key elements: a passive
loop with a resonator that determines the oscillation spectrum, and an active
element that compensates for losses. Application electro-optical (Mach-Zehnder
modulator) and optoelectronic (photodetector) converters allows to combined
the electrical part and the optical part (Fig. 1), which is the basis for constructing
the OEO as a hybrid generator — a ring optoelectronic self-exciting oscillator.

The source of microwave oscillations is the intrinsic noise of the elements
of the self-exciting oscillator loop. For stable generation, several important
requirements must be met:

e implementation of the conditions of amplitude balance and phase
balance;

e presence of noise sources in the generator loop;
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e presence of a component with a nonlinear transfer function.
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Fig. 1. Basic diagram of a single-loop OEO:
radio electronic (blue) and photonic (red) subsystems

The principle of operation of the OEO is as follows. Continuous radiation
from the optical carrier generator — the laser module — is fed to the input of the
Mach-Zehnder modulator. Fluctuations of the loop elements — laser intensity
noise, photodetector shot noise, thermal noise of the electronic elements — at the
initial stage act as a broadband modulating signal for the optical carrier. The
modulated optical radiation passes through the fiber-optic path and enters the
photodetector, where the demodulation process occurs. The bandpass radio
frequency (RF) filter selects a frequency band, suppressing oscillations at other
frequencies. One part of the microwave signal is directed to the output of the
loop using a power divider, and the other, after power amplification, to the input
of the Mach-Zehnder modulator, thereby closing the positive feedback loop.
Thus, for the first round trip of the ring resonator, the OEO generation spectrum
is determined by the parameters of the bandpass RF filter. The most interesting
thing begins to develop with the growth of the number of such round trips, when
gradually, but with increasing efficiency, the operating conditions of the self-
exciting oscillator begin to manifest themselves: amplitude balance and phase
balance.

Components with a nonlinear transfer function are necessary to limit and
stabilize the oscillation amplitude, which facilitates the transition of the OEO to
a stationary generation mode. One of such components is an electro-optical
amplitude modulator built on the basis of an optical Mach-Zehnder
interferometer. In this case, the positive quadrature point is usually selected as
the operating point on the transfer function (Fig. 2). The phase shift §¢ induced
by the electric voltage applied to the strip line allows controlling the result of
light interference at the interferometer output — the output optical power P, ;.

The fiber optic path, as a key element of the photonic line, determines the
parameters of the resonator. Low losses in the photonic line allow implementing
a long ring resonator for the OEO and, therefore, a high-Q factor. The width of
the spectrum of an individual mode is inversely proportional to the square of the
delay time in the feedback loop and the power introduced into the resonator [7].
In this case, the generation spectrum of a single-loop OEOQ is a series of modes
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equally spaced from each other, since the intermode interval (free spectral
range) in a loop with a long resonator is often significantly smaller than the
passband of the used bandpass RF filter (Fig. 1), which leads to a multimode
generation of the OEO [8, 9] (Fig. 3). This is the cause of one of the main OEO
problems — the selection of longitudinal (spectral) modes in optical resonators to
obtain a single-frequency generation mode — a single-mode generation. To
suppress spurious modes in the OEO generation spectrum, various technical
solutions are used [11]: several loops, injection locking, frequency modulation,
optical amplifier, other types of resonators, exclude a bandpass RF filter and
other solutions. Despite the fact that significant progress is achieved in the field
of OEO development, the task of improving such OEO characteristics as the
spectral purity of the microwave signal and its long-term frequency stability [10]
remains relevant.

Pout_ 5 Pout_ T
1| P = f(69) LB = f(t/T)

| CoxpaHeHue ¢hazel cuzHana

(O8]

rd

~
~

bﬂ

Fig. 2. An example of the transfer function of the Mach-Zehnder modulator. Input electrical
(blue) and output optical (red) signals for a positive quadrature operating point

Understanding the noise sources and the causes of the noise transfer
function formation is important for improving the OEO characteristics [12]. The
generally accepted definition of phase noise L(f) for OEO is the spectral power
density (SPD) of the single-sided band of the generated microwave signal [13].
The SPD is normalized to the microwave signal power and is measured in
dBc/Hz. The generator specification specifies the phase noise level at a certain
offset frequency from the carrier. The use of a high-Q resonator makes it
possible to reduce the phase noise of the OEO. In the single-mode generation, it
Is the mode width that determines the spectrum of the microwave signal. For
example, using frequency modulation in the OEO loop, an ultra-low phase noise
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level was achieved [14]: —160 dBc/Hz at an offset frequency of 10 kHz from a

carrier frequency of 10 GHz.
0
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Fig. 3. Typical OEO generation spectrum with a 200 m loop length.
RF filter parameters: center frequency 10 GHz and bandwidth 10 MHz
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For efficient design of radio photonic systems, it is necessary to perform a
simulation experiment using computational photonics tools [15-17]. This allows
simulating the operating conditions of devices and changing the characteristics
of components over a very wide range, which is often impossible to do using
physical models. Since physical tests and laboratory experiments in photonics
and radio photonics require significant financial costs, modeling allows
increasing the efficiency of developing the final product.

This paper presents the results of simulation experiments to study the
operating modes of OEO models created using computational photonics tools.
To obtain and study the single-frequency generation mode, OEO models of
different types were created:

e dual-loop OEOQ;

e dual OEO with injection locking;

e coupled OEO with dual output.

When creating OEO models, special attention was paid not only to the
selection of key components, their parameters and transfer functions, but also to
global modeling parameters to increase frequency resolution. In addition, the
models allow recording the time evolution of the OEO output microwave signal
spectrum, reflecting the transition from the generation establishment mode to the
quasi-stationary mode.

The models of a dual-loop OEO with resonators of different quality
factors were studied as one of the methods for selecting longitudinal modes in
optical resonators that use the summation of electrical and optical signals. It was
found that the optimal ratio for reducing the level of side modes is 1:5 between
the loop lengths. In this case, the level of side modes remaining in the spectrum
Is 45 dB lower than the main mode. It is shown that a decrease in the line width
of the optical carrier generator radiation leads to a decrease in the phase noise of
the output microwave signal, and the chromatic dispersion of the optical fiber
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leads to the suppression of high-frequency modes, which indicates the need to
compensate for the dispersion of the optical fiber when creating high-Q OEOs.

The study of the generation conditions and operating modes of dual-loop
OEO models with direct, reverse and bidirectional injection locking was
performed. It was found that in the OEO model with direct injection, the role of
the master oscillator is to reduce the phase noise of the slave oscillator. With
reverse injection, the role of the slave oscillator is to reduce the level of spurious
modes in the generation spectrum of the master oscillator. The study of the OEO
model with bidirectional injection locking with injection coefficients 'y, =
I',; =10% (and pass coefficients of 90% ) showed that the selection of
resonator parameters in order to eliminate the coincidence of the central
frequencies of the spurious modes of the master and slave oscillators while
maintaining the same central frequencies for the selected modes leads to
effective suppression of spurious modes and an increase in the dynamic range of
the output microwave signals (Fig. 4).
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Fig. 4. OEO generation spectra with bidirectional injection locking: a master OEO
with a loop length of 200 m (a) and a slave OEO with a loop length of 20 m (b)

Combining a ring fiber laser and an OEO into a uniform system allows the
creation of a coupled generator with a dual output (Fig. 5), when optical pulses
with high temporal stability and an RF signal with high spectral purity are
simultaneously generated [18]. This technical solution involves the use of a ring
fiber laser with active mode locking, which acts as an optical carrier generator,
and an OEO, which acts as a clock generator for amplitude intracavity
modulation of laser radiation.

A model of a coupled OEO with a dual output is created and its operating
modes are studied. In the pulse generation mode, laser pulses with a Gaussian
function shape of subnanosecond duration are obtained. The possibility of
controlling the duration and repetition rate of laser pulses by varying the
generation spectrum width of a ring fiber laser and the OEO frequency is
studied. The time evolutions (from the number of resonator round trips) of the

generation spectrum and the shape of laser pulses of a ring fiber laser with active
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mode-locking are recorded, allowing one to trace the stages of the pulse
generation mode formation.
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Fig. 5. Schematic diagram of a coupled OEO with dual output
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SILVER HALIDES — ARE A PROMISING MATERIAL
FOR FIBER IR-TECHNOLOGY

S.M. Pilyushko, M.S. Kuznetsov, K.S. Zarameskikh,
A.A. Pakhomova, A.R. Romanenko, G.V. Polyakova, L.N. Butina
JSC ,, State Research and Design Institute
of Rare Metal Industry ,, Giredmet “, Moscow
E-mail: vorpat2402@Dbk.ru

Optical fibers for the long-wavelength region of the spectrum are used in
research and development, as well as in various fields of medicine and industry.
The demand for power and wave optics in the medium and far infrared range
continues to grow due to the constant development of such areas as space
research, environmental monitoring, medical diagnosis, and treatment of
diseases (including dental), synthesis of organic and pharmaceutical substances
[1]. Silver halides and their compounds are promising among crystalline
materials. They are transparent in the 10-micron region, slightly soluble, have a
disinfecting effect, are safe for humans, have not only a wide spectral
transmission range (from 2 to 20 microns), but also satisfactory strength
qualities and chemical resistance [2]. The possibility of using optical fiber based
on KRS-11 and KRS-13 is being studied based on the Giredmet JSC enterprise,
where the technology for manufacturing single-crystal blanks from these
materials is well developed [3].

Based on the results of the study, a system for monitoring the main
parameters of a fiber made of silver halides was prepared. The main parameters
of the manufactured optical fibers are obtained, such as: spectral transmission,
spectral dependence of absorption, as well as the absorption index at a
wavelength of 10,6 microns.

1. K.S. Zaramenskikh, M.S. Kuznetsov, L.N. Butvina, et al. Photon-
express. 6 (174), 315-316 (2021).

2. L. Butvina, “Polycrystalline Fibers” in the book “Infrared Fiber
Optics”, Edited by A.S. Sanghera, 1.D. Aggarwal, CRC Press, Boca Raton,1998,
pp. 209-249.

3. S.M. Pilyushko, V.O. Umnov, M.S. Kuznetsov, et al. Lasers in
science, technology, medicine: Collection of scientific papers of the XXXIII
International Conference —M. — 2022, Volume 33, pp. 102-106.
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DEVELOPMENT OF POLYCRYSTALLINE CLADDING FIBERS

A.A. Yuzhakova, D.D. Salimgareev, A.E. Lvov, P.V. Pestereva,
I.V. Yuzhakov, L.V. Zhukova
Ural Federal University named after
the first President of Russia B.N. Yeltsin, Ekaterinburg
E-mail: l.v.zhukova@urfu.ru

Mid-IR fiber optics are used in laser technologies, optoelectronics,
spectroscopy, disease diagnostics, and thermography. However, the vast
majority of these applications are based on the use of cladding optical fibers.
Among halide fiber materials, cladding fibers based on the AgCIl — AgBr system
are known [1], with a relatively narrow transmission range of 2-18 um and a
short service life due to photosensitivity. A solution to this problem can be the
development of IR fibers based on new materials of the AgBr — Agl,
AgClo_25Bro_75— TlBI’o,46|o,54 and AgC|0,25Br0,75 — T|C|o,74Br0,26 systems, which can
not only increase the range of spectral transmission, but they are also harder,
photo- and radiation-resistant.

At the first stage, the properties of optical materials were analyzed and the
propagation of radiation along the fibers was simulated. Based on these results
compositions were selected that ensure the difference between the refractive
indices of the core and cladding is no more than 0.01. Next, single crystals of a
given composition were synthesized using the thermozone crystallization-
synthesis and Bridgman methods. Single crystals for the cladding and core were
subjected to chemical-mechanical processing, after which a blank for extrusion
was made from them using the rod-in-tube method. This blank was placed in a
container, a die with an internal diameter of 1120 um, a plunger and auxiliary
elements were installed, and all assembled equipment was placed in the POI-500
press. The blank was heated to 200 °C, after which it was maintained at this
temperature for 90 minutes to achieve high plasticity and was extruded. As a
result, IR fibers with a length of 1.2-3.3 m and a diameter of 1120 um were
obtained. The fibers were placed in a fluoroplastic sheath and terminated with
SMA connectors. The fibers showed spectral transmittance in the range of 3.5-
27.0 um without absorption windows. The minimum losses reached 0.2 dB/m.

The research funding from the Ministry of Science and Higher Education
of the Russian Federation (Ural Federal University Program of Development
within the Priority-2030 Program) is gratefully appreciation.
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Infrared Fiber Optics 17-23(1989).
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BISMUTH-DOPED FIBERS FOR E- AND S-BANDS CLADDING
PUMPED AMPLIFIERS

D.I. Oleinik?, A.A. Umnikov?, A.N. Abramov?, A.S. Vakhrushev?,
S.V. Alyshev?, A.M. Khegai?, E.G. Firstova?, M.A. Melkumov?, S.V. Firstov?

!G.G. Devyatykh Institute of Chemistry of High-Purity Substances of the RAS,
Nizhny Novgorod
’Prokhorov General Physics Institute of the RAS,
Dianov Fiber Optics Research Center, Moscow

E-mail: od@ihps.ru

Bismuth-doped fiber lasers and amplifiers are promising for obtaining
lasing and amplification in a wide wavelength range of 1.1-1.8 um. Depending
on the composition of the core glass, bismuth-doped fibers exhibit different
lasing characteristics, and in particular, fibers based on GeO,-SiO; glass are
designed for the wavelength region 1360-1500 nm.

The fiber preforms were manufactured using all-gas-phase MCVD
deposition technology. BiBr; was used as a bismuth precursor, which was
thermostat controlled at a temperature of ~185 °C; He was used as a carrier gas.
The profile of the light-guiding structure was formed by layer-by-layer
deposition of GeO,-SiO- glass, where the concentration of the GeO, dopant was
varied and the final refractive index profile of the core was close to a gradient
one. Doping of the central part of the core with bismuth was carried out by a
two-stage method, where a porous layer of GeO,-SiO, glass deposited by a
reverse pass and then sintered in a BiBrs; flow. After this, the tube with the
deposited layers was collapsed in a flow of O, and CCls to reduce the
concentration of OH groups. The fibers with a core diameter of =30 um and ~60
um were drawn from the manufactured preform.

The developed bismuth fibers can serve as the basis for creating a power
amplifier operating in the E- and S-bands, which is capable of providing an
output power of = 1 W when using pumping multimode diodes at a wavelength
of 808 nm.
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Fig.1. Dependences of output power on absorbed pump power for the amplifier based
on the bismuth-doped fiber with the core diameter of ~60 pm.

This investigation was supported by the Ministry of Science and Higher
Education of the Russian Federation (IChHPS RAS, Russia, No. FFSR-2022—
0005)
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DYNAMICS OF FREQUENCY MODULATED PULSED RADIATION
IN AN ACTIVE FIBER WITH LONGITUDINALLY VARYING
DISPERSION

A.S. Abramov, V.A. Lapin, P.P. Mironov
S.P. Kapitsa Scientific Research Institute of Technology,
Ulyanovsk State University, Russia
E-mail: Iva2013@yandex.ru

A method for obtaining amplification and temporal compression of
frequency-modulated pulses in an active fiber with a dispersion-length
dependence profile selected in such a way as to ensure maximum compression
rates of pulses with a given initial chirp with constant amplification of the fiber
Is investigated.

The dynamics of the time envelope of the VP is described by the equation
for the amplitude of the envelope of the type NLSE [1, 2]:

OA .dz(Z) A . 2
—— — +IiR|AI"A=0A 1
0z I 2 or? - | | J @)

where z=t—z/v, — time in a running coordinate system, d, :(dzﬂ/da)z) -

second order group velocity dispersion (GVD), R — Kerr's nonlinearity, g —
fiber gain factor. In this work we considered a frequency modulated pulse:
A(0,7) = \[R,sech(z  7,)exp(ic,7?) ?3)
In the work, the GVVD dependence was chosen [2]:
ot |dy

dz(z):—|d20|exp{—g—(exp(2gz)—1)+292} 4)

0

where «a, — the initial pulse chirp. The paper considered a frequency modulated
pulse:

A(0,7) = \[R,sech(z  7,)exp(ic,7?) (5)
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Fig. 1. The dependence of the normalized GVD (a)
d,(z)= —|d20|exp[—zc(exp(Zgoz)—l)+2902] and peak power (b) at

x=(0.5,1,1.5;2)- (et |d|/ 9, ) — curves (1-4).

The dependencies shown in Fig. show that the selected dependence is the
best for the values of the calculated parameters used.
This work was support of the Russian Science Foundation in the framework
of project Ne 23-22-00412.
1. G.P. Agrawal “Nonlinear Fiber Optics” (Elsevier, 2013).
2. A. Abramov et al., Photonics 9 (3), 160 (2022).
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SPECTRA OF POLARIZATION DEPENDENT GAIN
IN PHOSPHOSILICATE BISMUTH-DOPED FIBER AMPLIFIERS

A.V. Elopov?, K.E. Riumkin?, F.V. Afanasiev?, S.V. Alyshev!,
A.V. Kharakhordin!, A.M. Khegai!, E.G. Firstoval, S.V. Firstov?,
M.A. Melkumov?
! Prokhorov General Physics Institute of the RAS,
Dianov Fiber Optics Research Center, Moscow
2 G.G. Devyatykh Institute of Chemistry of High-Purity Substances of the RAS,
Nizhny Novgorod
E-mail: elopov@fo.gpi.ru

Polarization dependent gain (PDG) was thoroughly studied in erbium-
doped fiber amplifiers that are widely used in current telecommunication lines.
Fiber optical lines with erbium amplifiers can accumulate around 4 dB gain
difference which can cause deterioration of the performance of fiber optical
line [1]. Despite the spreading of bismuth-doped fiber amplifiers (BDFA), this
effect was not studied in such systems. However, it is anticipated that PDG
effect is more significant in BDFA due to the higher anisotropy in bismuth
active centers (BACs) than in erbium ions: 0.2-0.3 in BACs [2] against 0.6-0.7
for erbium [3].
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Fig. 1. PDG spectra (left) and small-signal gain for the case of parallel (solid line)
and orthogonal (dotted line) relative orientation of pump and signal polarization (right) in
phosphosilicate BDFA with different pump power.

In the paper we present PDG effect in BDFA based on phosphosilicate
active fibers, Fig. 1.

This research was funded by Russian Scientific Foundation, grant number
22-79-00157, https://rscf.ru/project/22-79-00157/.

Lichtmann, Electron. Lett. 29, 1969-1971 (1993)

1. E.
2. A. V. Elopov, et al., Photonics 10, 860 (2023)
3. L. O. Martinez-Martinez, et al., REV MEX FIS 59, 302-308 (2013)
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BISMUTH-ACTIVATED LOW-APERTURE OPTICAL FIBERS FOR INNER
CLADDING PUMPING

A.N. Abramov !, D.F. Burmistrov !, M.V. Yashkov !, A.S. Vakhrushev 2,
A.V. Kharakhordin 2, S.V. Alyshev 2, S.V. Firstov?, M.A. Melkumov 2
1 G.G. Devyatykh Institute of Chemistry of High-Purity Substances of the RAS,

Nizhny Novgorod

2 Prokhorov General Physics Institute of the RAS,
Dianov Fiber Optics Research Center, Moscow
E-mail: denburmistrov2001@gmail.com

The development of efficient bismuth-doped double-clad optical fibers (OF)
will make it possible to use high-power laser diodes for pumping, which, in turn, will
significantly simplify their design, and, in the future, increase the output power of the
devices based on such fibers.

In this paper, we present the results of our studies on the OF, drawn from a
preform manufactured by the MCVD process, and having a glass core composition of
Bi: GeO,-F-SiO2, with a small difference in the refractive indices of the cladding and
the core, An ~ 0.0015, and the bismuth core absorption of 3 dB/m at 1400 nm. Due to
the low level of An and the high concentration of BAC-Si, it was possible to increase
the cladding absorption to the level of 0.55 dB/m at 820 nm for the fibers with the
cutoff wavelength of ~1.56 um, which facilitate single-mode laser generation in the
region near 1.46 pm.
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Fig. 1. An profile, cladding absorption, and output power of lasing.

4

BiBrs; was used as a precursor of bismuth, and C2F3Clz was used as a precursor
of An-lowering fluorine. The difficulty of controlling the composition of glasses with
fluorine, and as a result An, is due to the formation of volatile components such as
GeF4, POFs and SiF4 during synthesis.

We made a double-clad optical fiber with a core diameter of ~20 um and an
octagonal-shaped silica cladding having a dimeter of 125 um. The laser properties of
the fiber were tested in a linear cavity configuration cladding-pumped at 808 nm. The
maximum pumping power introduced into the active fiber was 35 watts, which
allowed to obtain ~380 mW laser radiation at 1461 nm. The absorption of the pump in
the laser was more than 90 % for the optimal length of 73 m. The slope efficiency of
the laser was quite low, ~1.5% with respect to the absorbed pump power. The reasons
for the low efficiency are not completely clear. The work was carried out within the
framework of The State Assignment for the Institute of Chemical Engineering of the
Russian Academy of Sciences Ne FFSR-2022-0005 and supported by the Russian
Science Foundation (Grant No. 22-19-00708).
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MHOI"'O®YHKIIMOHAJIBHBIE ®OTO-TEPMO-PE®PAKTHBHBIE
CTEKJIA JIA 3AAAY ®OTOHUKU: UCTOPUS, CBOUCTBA,
TEXHOJIOI'MU U ITPUMEHEHU A (OB30P)

H.B. HukoHOpoB
Hayuonanwuwiii uccnedosamenvckuti ynusepcumem UTMO, Canxkm-Ilemepoype
E-mail: nikonorov@oi.ifmo.ru

doro-tepMmo-peppaktuBHbie (DPTP) creknma — 3TO HOBBIM  Kjacc
MHOTO(YHKIIMOHAJIBHBIX  (DOTOUYBCTBUTEIIbHBIX  MaTepHaloOB, IpeJaHa3Ha-
YEHHBIN U1 CO3JaHUs MHUPOKOTO CIIEKTpa AJIEMEHTOB U YCTPOUCTB (DOTOHUKHU:
00beMHBIX (Ha30BbIX TroyiorpaMM (OpITTOBCKHX PEIIETOK), TPaguCHTHBIX
AJIEMEHTOB, BOJHOBOJHBIX M TIOJBIX MHUKPODIIOUIHBIX CTPYKTYp, JIOMH-
HO(OPOB, CEHCOPOB, JIA3€POB C paclpe/ieIeHHON 00paTHOM CBsI3bIO U T.A. [1, 2].

[Mporotunom @OTP crekon sBuiaock mnomuxpomuoe crekiio (I1XC),
pa3paboTtannoe Stookey S. B amepukanckoi kommanuu Corning B 1978 r. [3]. B
Poccun stu crexna mosiBunuch moszxe (B 80-¢ roxawl). Paspaborumkom 3THX
crekon Obuta rpymmna I{exomckoro B. (I'OU um. C.HU. Baunoa, CCCP). Otu
CTEKJIa UMeJHU TOT ke PpyHKuuoHan uro u [1XC u nomydmnu moxoxxee Ha3BaHUE
«mynbtuxpomubie crekinay (MXC) [4]. T'maBras ocobenHocth [IXC/MXC -
CEJICKTUBHOE TIOTJIONIEHHWE CBeTa B BUIAMMOW obnactu cnekrpa. [llupoxkyro
raMMy OKpacokK OTH CTEKJIa TMPUOOpPETaroT B pe3yJbTaTe CJCAYIOIINX
doroxummuueckux u 1udy3noHHBIX TMporeccoB (HOTO-TepMO-UHIIYITUPOBAHHON
kpuctaumsanuu). Ilog neiictBuem VY@ wu3lydyeHHss U TOCIEAyHOIIEH
TEPMHUUYECKOW  0O0pabOTKM  00pa3yroTCs  LEHTPhl  KPUCTALIU3ALUA — —
MeTaJNTMYeCKue HAaHOYACTHUIBI cepedpa, U Ha ITUX LEHTPaX MPOUCXOIUT POCT
HaHokpuctamimoB NaF-AgBr. Tlpu omnpeneneHHbIX yCIOBUSAX (OTO-TEpMO-
UHAYLUHPOBAHHOTO POCTA 3TH HAHOKPHUCTAIIBI IPUOOPETAIOT CIOKHYIO (PopmMy B
BUJIC BBITSHYTBIX KOHYCOOOPA3HBIX CTPYKTYp, TMOXOXKHX Ha «MOPKOBKWY.
JlononHutenbHOoe MHOTOCTaguiiHOe Y@ o0mydeHne U  TepMooOpaboTka
OPUBOJAT K (POTONMTHUECKOMY OCaXACHUIO cepedpa (IeKOpUpOBaHUIO) Ha
BBITSIHYTBIX ~ CTPYKTypax. Meraminueckoe cepeOpo, OCaKIEHHOE  Ha
MOBEPXHOCTh HAHOKPHCTAUIAa B BHUAEC OOOJIOYKH, TaKXe MpuodOperaer
KOHYyCOOOpa3Hyro ¢GopMy, YTO TMPUBOAUT K CIABUTY IIOJIOC TIOTJIONICHHS B
BUIUMON  obmactu  cmekTpa. TakuMm  00pa3oM, OCHOBHBIM  YCJIOBHEM
MOJINXPOMHOTO/MYJIBTUXPOMHOTO  OKpAIIMBaHUS SIBISIETCS KOHycOOOpa3Has
dbopma mMeTarmyecKux HaHodacTuil cepedpa. Takum oO6pa3oM B 0ObemMe cTekIa
dbopmupyetcst pazHooOpa3zHas OKpacka, BKIIOYAs TMOJIHYIO TaMMy IIBETOB:
CUHET0, 3€JIEHOr0, >KEJITOro, OPaHKEBOro, KPaCHOrO M WX MPOU3BOJHBIX, YTO
MO3BOJISIET 3alMChIBATh B CTEKJIE LIBETHOE M300pakeHue. Ha puc. 1 mokazana
dotorpadusi MHOTOIBETHOTO H300pakeHMs, 3amucaHHoro B oOvemMe MXC,
cuHte3upoBanHoro B yHuBepcutere MTMO [1]. CneayeT OTMETHTbh, YTO
HECMOTpPSl Ha MPUBJIEKATEIBHOCTh 3allUCH LIBETHOTO H300pakeHus B o0beMe
CTeKJIa TOJbKO mpu nomorn YD usnydenust u tepmoodpadotku, [IXC nu MXC
MOKa JI0 CUX TIOp HE HAIUIA KaKOTO-JIMO0O0 IMUPOKOTO TPUMEHEHUSI.
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Puc.1. MuorongerHoe uzobpaxenue, caenannoe YD nazepom (325 HM) nocneayomei
TepMO0OOpaboTKOI B 00beMe cTekna [1].

B xonne 80-x nauane 90-x rogoB HukonopoB H. u I'ne6os JI. ('OU um.
C.W. Basusnoga) BrnepBsie npeioxuin ucnonb3oBatrh [IXC/MXC mist 3anucu
00beMHBIX (pa30BbIX Tojorpamm [5-8]. B atom ciydae ucnoiab30Banach TOIbKO
onHa cTaaus (POTO-TePMO-UHIAYIIUPOBAHHONW KpUCTAJUIM3AIMU  CTEKJIa —
«o0nydeHre u TepMuueckass oOpabOTKa», MPH KOTOPOM OCHOBHOE BHHMAaHUE
YACNSUIOCh HE KOHYCO0OOpa3HoW (opMe MUKPOKPUCTAIIOB U CIABHUTY CIEKTPOB
MOTJIONICHUS, a Pa3JIMUMI0 B TOKA3aTeNsAX MPEJIOMJICHUS KPUCTALNIMYECKOW WU
CTeKJI000pa3Hoi (a3. DTo paznuuuve ObUIO MCHOJB30BAHO JUISl 3aIUCU
00beMHBIX (ha30BBIX TOJOTPAaMM, B TOM YHCJIE OPITTOBCKHX pelmieTok. boree
TOTO, C KOHYCO00pa3Hoi opMoii Benach «00pb0a», 4TOObI YMEHBIIUTh pa3Mep
HAHOKPUCTAJJIOB M OCJIAOWTh BKJIAJ pacCesHUsT B 3alUCaHHBIX (Pa30BBIX
rojjorpammax. Takum o6pazom, B 'OU Obl1 mpensioxkeH HOBBIM OpAHJ dTOMY
KJIaccy royiorpauueckux MaTepHalioB — «(POTo-TepMO-pePpaKTUBHBIE CTEKIIa»
(OTP-crekina), T. €. cTekiIa, B KOTOPBIX U3MEHSETCA MOKa3aTelb MPEIOMIICHHS B
pesynbrate OOJydeHHs M TMOCIEAYIOIed TepMUYecKo o00padoTKu. ITo
Ha3BaHHE 3aKPEnuiIoch B TroyiorpauueckoM cooOIecTBe, OHO BBITECHUIIO
HazBaHus [IXC u MXC u cTano akTUBHO MCMOJIb30BAaThCA y HAC B cTpaHe [1, 2]
U 3a pyoexom [9].

Ha npotskenun nocnennux 20 €T ABE Hay4YHbIE TPYIIbI Y HUBEPCUTETA
UTMO (Canxkr-IletepOypr, Poccust) u komnanuu Optigrate (Opaanmo, CIIIA)
BEJIM U B HACTOSIIEE BpEMs BEyT KOHKYPEHTHBIE HCCIIEIOBAaHUS U pa3pabOTKU
kak camoro TP crekina, Tak ¥ AIEMEHTOB M YCTPOUCTB (POTOHUKHU, CEHCOPHKH,
7a3epHON TeXHHWKH, JoMUHOPOpoB u T.A. I[loBeimiennoe BHumanue kK OTP
CTEKJIaM TIPEXK]Ie BCEro OOYCIOBIECHO MX (PU3MKO-XUMHUECKHUMH CBONCTBAMU H
BO3MOXHOCTBHIO HM3TOTaBIMBAaTh OOBEMHBIC JUQPPAKIIMOHHBIE ONTUYECKUE
AJIIEMEHTHI Pa3HOTO QYHKIIMOHAIHHOTO HA3HAYCHHS.

MoxHo otMeTuTh crenyromue gocroucrsa OTP crekon u rojorpamm
Ha uXx ocHOBe [1, 2]. ['omorpammel (B TOM 4ucie, OpITTOBCKUE PEHIETKH) MOTYT
ObITh 3amucanbl Ha Oonbmiol Tayomnae (0.1 — 10 mMm). 3anmucaHHbIE JIEMEHTHI
UMEIOT BBICOKYIO nupaknuoHHylo 3ddexTuBHOCTE (10 99,9%), a Takke
yrioByto (Menee 0.1 mpan) u cnekrpanbHyto (MeHee 0.01 HM) CENEeKTUBHOCTb.
INonorpammsl, 3anucannsie B OTP crekie, o0aaroT BBICOKON XUMHYECKOU
YCTOMYMBOCTHIO, MEXaHUYECKON U TEPMUYECKON MPOYHOCTHIO, KOTOPbIE OJIMU3KU
KOMMepueckoMy onrtuueckoMy crtekiy K8. Kpome Toro, oHu BbIAEPKUBAOT

BO3I[€I\/IICTBI/IC MOITHOI'O HCIPCPBIBHOI'O M MMITYJIBCHOI'O JIA3€PHOI'0 HM3JTYy4YCHU.
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[loporun ontuyeckoro mnpoboss @OTP crekna Onu3ku K noporam mpooos
KOMMEpPYECKOro ontudeckoro crekiaa BK7: 30-40 J[x/cM? mpu HMIyJIbCHOM
o6nydernn (8 He, A = 1064 um) n 100 kBT/cM? npu HENPEPHIBHOM 00Ty4eHUH
(A = 1095 uM). Takxke CTOMT OTMETHTb, YTO TOJOTPAMMBI MOTYT BBIICPKUBATH
MHOTOKpaTHbIN HarpeB 10 BbicOkux Temieparyp (500°C) 6e3 moTepu CBOUX
cBoucTB [ 1, 2].

JloctouncteoM DTP crekois, kak marepuayia Ui 3aluCU TOJOTPAMM,
TaK)Ke SIBJSIETCS €ro OJHOPOAHOCTH ((IIyKTyaluu MoKazareis MPeJOMIICHUS B
00beMe nopsaka 10°) ¥ BOCIPOM3BOAUMOCTh XapaKTEPUCTUK KAaK IIPU CHHTE3E
HCXOJHOTO CTEKJA, MOoA00HO onTrdeckoMmy ctekiy K8, tak u npu ¢doTto-Tepmo-
UHAYUHpOBaHHOW Kpuctaumzanuu. OTP crekna npomyckaloT NpUMEHEHHe
TPaJULIMOHHBIX METOJOB MEXaHUYeCKOW 00padoTku — uuiM@oBaHHE WU
NOJIMPOBaHUE, a TAKXKE pa3HOOOpa3HbIe TEXHOJOTHH (popMoBaHUS (HampuUmep,
IpeCcCOBaHME, MOJIMPOBAHUE U CO3[IaHUE achepruecKuXx noBepxHocTei). Takxke
BO3MOYKHA BBITSIKKA ONTAYECKOTO BOJOKHA U3 OTP crexia. Usrotonenne OTP
CTeKJa MOXHO OCYIIECTBJISATh Kak B Jsabopartopubix (o 5-10 xr), Tak u B
npoMbiieHHbIX (10 300 Kr) yCHOBHSIX C UCIIOJB30BAHHEM TMIPOCTOM M
HETOKCUYHOW TEeXHOJIOTHHU. [Ipy 2TOM XMMHUYECKHE PEaKTHUBBI, HEOOXOIUMBIE
JUTSL CHHTE3a CTEKJIa, SIBJISIOTCS KOMMEPYECKU JOCTYITHBIMHU M HEIOPOTUMHU.

Crnenyet Takke OTMETUTh HEKOTOPbIE HEOOBIYHBIE JIJISi PETUCTPUPYIOIINX
cpen cBoiictBa DOTP crexon. Tak, @OTP crekna copepxar IEIOYHYIO
KOMIIOHEHTY (MOHBI HATpHsl), U K TaKUM CTEKJIaM NMPUMEHHMa MOHOOOMEHHas
TexHosiorusi. Hampumep, Bo3MOXHO 3amMeHATh MOHBI HaTtpusi B OTP crekne Ha
MOHBI cepebpa, Kausd, pyOunus, 1e3usi U3 BHEIIHEr0 HMCTOYHHMKA — paciuiaBa
COJIM. DTa TEXHOJOTHsS TMO3BOJISIET TOBBIMIATH [OKA3aTeNlb MPEIOMIICHUS
(An=10%) ma mnosepxnoctm ®TP cTekna M cO374aBaTh HOHOOOMEHHBIE
ontuueckue AgY, K*, Rb* u Cs* BomHOBObI, a Takke YIPOYHATH MMOBEPXHOCTh
3a cueT ckumaromux auddy3unoHHpx HanpspkeHuid [1, 10]. MoHooOmeHHas
TEXHOJIOTUSl TO3BOJIAET MOBBIIATH MEXAHHYECKYIO0, TEPMUYECKYI0 M OITH-
yeckyro nmpouHocTh OTP cTekna, a Takke ero XuMUYeCKyr0 YCTOMYUBOCTD.

B pa6ore [11] mokazaHo, 4TO CKOPOCTh TPaBJICHHUS 3aKPHUCTAILIN30BAHHON
obnactu matepuana B 10-15 pa3 BbIllIe CKOPOCTH TPaBJICHUS UCXOIHOTO CTEKIIA.
O10oT 3D PeKT MO3BONSIET CO37aBaTh TPEXMEPHbIE MHUHH- U MHUKPOQIIOUIHBIC
CTPYKTYyphI B 00beMe TP crekia.

B pabGore [12] moka3zana Bo3MOxHOCTH JjerupoBaHuss DTP crexon
peAKO3eMEeNbHBIMI HOHAMHU (HEOJUMOM, UTTEpOHEM, dpOHEeM), UTO OTKpPHIBAET
BO3MOXHOCTh 3allUCH OpA3ITOBCKHUX PEIIETOK HEMOCPEACTBEHHO BHYTPH
aKTUBHOM Cpedbl, T.. MO3BOJIAET CO3[aBaTh JIa3epbl C paclpe/leICHHBIMU
OpATTOBCKUMH OTpaKaTEIISIMH U C PAaCIpeIeICHHON 00paTHOH CBS3BIO.

Cnenyer oTMETUTH elle oAHy UHTepecHyto ocoOeHHocTh OTP crekna. B
coctaB @TP crekna BxoasT nonsl cepedpa. [Ipu obnyyenun YO uznyueHuem u
MOCJIEYIONIEN TEpMOOOPaOOTKM MPU HEBBICOKMX TeMmIleparypax (Huxke Tg) B
OTP crexie dhopMupyroTcs cepeOpsHbIE MOJEKYJSIPHBIE KJIACTEPhI, KOTOPHIS
JIIOMUHECIIUPYIOT B BHUIAMMOM JIMAIla30HE CIIEKTpa Toj JeuctBueM YD

97



n3nydeHus. Takol moaXo/ MO3BOJAET PACHPEACIISITh JIOMUHECIIEHTHBIE LIEHTPBI
B o0beme DOTP cTexkna M COOTBETCTBEHHO TOJy4YaThb JIIOMHHECIEHTHOE
n300paxeHue, T.e. MOXKHO CO3/1aBaTh JIOMUHECIIEHTHBIE PUCYHKH CIIOKHOU
APXUTEKTYPBL.

HNonbl cepebpa Takke MOXXHO BBOJUTH B MOBEPXHOCTHbIC ciou DTP
CTEKJIa HOHHBIM OOMEHOM C TOCIEIYIOMUM (OPMHUPOBAHUEM CEPEOPSIHBIX
MOJIEKYJIIPHBIX KJIacCTEpOB NpU TepMOOOpabOTKE. DTOT MOAXOJ MO3BOJISET
co3/aBaTh JJIOMUHECICHTHBIC BOJTHOBOBI [ 13].

CepelOpsiHble HMOHBI TaKX€ MOTYT ObITh TpaHCHOPMHUPOBAHBI B
cepeOpsiHble  METa/NIMYeCKUe HaHo4yacTUlpl mnyreM Y@ oOnydeHus u
HOCJIEYIONICH TepMOoOpabOTKM MPH BBICOKMX Temrmeparypax (0im3ko k Tg).
Takue mIa3MOHHBIE CTPYKTYpPhl MOTYT OBITh HMCHOJIB30BaHBI JJIsi CO3JaHUS
MajorabapuTHBIX JICIIEBBIX CEHCOPOB IS XUMHYECKOTO U OHOJOTHYECKOTO
JNETEKTUPOBAHUSA. IJTU CEHCOPbl OCHOBAaHbI HA MOBEPXHOCTHO-YCUJIEHHOM
paMmaHoBckoM  paccessHun  (SERS) mnpum  ucmonb3oBaHMM  TUTA3MOHHBIX
HAHOYAaCTHUII.

CepeOpsiHble METATUYECKUE HAHOYACTHUIIBI MOXKHO TakKe (OpMHUPOBATH
Ha moBepxHocTn DTP crekna moHHBIM 0oOMeHOM. TakoW MOAXOJ TO3BOJISET
CO3/1aBaTh IUJIA3MOHHBIC BOJIHOBOJBI JUISl (DOTOKATAIMTHYECKUX TNPUMCHECHUH,
Hafpumep, ISl pa3jaokeHUsT BOABI Ha BOJAOPOJ W KHUCJIOPOJI, a TaKXKe IS
OYMCTKH BO3/yXa U BOABI OT 3arpsi3HEHUIA.

Baxneim  ¢dakTtopom sBasercs TO, uro DOTP crTexknmo mo3Bosser
peanu3oBbIBaTh KOMOUHALIUIO (POTO-TEPMO-UHAYLIIUPOBAHHON KpUCTAJUIM3AIUH,
MOHHOTO OOMEHa U TpaBlieHHusA. T.e. BO3MOXKHO CO3JJaHUE OINTHUYECKHUX,
JIOMUHECUEHTHBIX W IUIA3MOHHBIX BOJHOBOJOB Kak Ha moBepxHocTu DTP
CTEKJIa, TaK U BHYTPH MOJIBIX CTPYKTYP.

Otmeuennsle ocobeHHocTu DPTP cTekonm MO3BONAIOT €ro OTHECTH K
MHOTOQYHKIIMOHATIBHBIM MaTepHaliaM © pa3pabaTbiBaTh Ha €ro OCHOBE
MIUPOKUNA CHEKTP rojorpaduuecKuX ONTUYECKHX JIEMEHTOB M yCTPONCTB s
(bOTOHUKH, JTA3epHON TEXHUKHU U METPOJIOTUH.

Moskuo orMetuTh BKiIaja kommanuii Optigrate (B 2018 r. 3Ta KoMIaHus
Bouuia B coctaB IPG, CIIIA) u Ondex (CIIIA) B co3gaHuH KOMMEPYECKOTO
MIPOU3BOICTBA TUPPAKITMOHHBIX OMTHUESCKUX SJIEMEHTOB JJIS JIa3ePHON TEXHUKU
Ha ocHOBe DOTP crekna. [Ipexae Bcero 3To MpOU3BOACTBO U BBIITYCK Ha PHIHOK
IIAPOKOW JIMHEMKHU CBEPXY3KOMOJIOCHBIX CHEKTPAIBHBIX M MPOCTPAHCTBEHHBIX
¢unpTpoB, WDM ycTpoiicTB, KOMOAWHEpPOB MOIIHBIX JIA3€PHBIX IYYKOB,
YUPIUPOBAHHBIX PEMIECTOK JJII KOMIIPECCHH CBETOBBIX HUMITYJIHCOB, (UIBTPOB
MOBBIMIAIONINX CIEKTPATbHYIO SIPKOCTh JIa3€PHBIX JUOJOB, (DHIBTPOB IS
CTaOUJIU3ALMH JJIMHBI BOJTHBI JJa3€PHBIX TUOJOB U T.1. [14].

VYuusepcuter UTMO Takke BHEC CYIIECTBEHHBIM BKJIAJ B pa3pabOTKy
camoro DTP crexia u dieMeHTHOH Oa3bl HOBOIO ITOKOJIEHWSA JUIS 3ajad
doronuku. K Takum paspaboTkam, MpEke BCETO, MOKHO OTHECTH H3YyUYCHHE
MpoIeccCOB  (HOTO-TEPMO-UHAYIIUPOBAHHON KPUCTAJUIU3AIUU W MEXaHU3MOB
M3MEHEHHUsI TIOKa3aTessl MPEJOMIICHHS Kilaccudeckoro «dropugHoro» OTP
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crekna [1]. OTu uccnenoBanus JAeriv B OCHOBY co3fanusi HOBbIX D TP crekon. K
HUM MOXHO OTHECTH pa3paboTKy «OpOMHAHBIX» U «XJOpuIHbIX» DTP crekou,
Yy KOTOpPBIX HM3MEHEHUE TIOKAa3aTeNs IIOJOKHUTEIBHOE, II0 CPAaBHEHHUIO CO
«propuansiMu»y DOTP  creknaMu, HMEOIIUX OTPULATEIBLHOE H3MEHEHHUE
ITOKa3aTeNs MPETOMIICHHUS.

Yuusepcuter MTMO Bocnpoussen [1] npakTUyecku BCIO JIMHEMKY
royiorpauuecKoi MpPOAYKIMH, MPOoU3BOAUMON kKommanusmu Optigrate [14] u
Ondex. CnemyeT Takke OTMETUTbH CICIYIOIIUE TOTIOJHUTEIbHBIC pa3pabOTKH:

1. cBepXy3KOMOJIOCHBIE CIIEKTPAIbHBIE (PUIIBTPBI C IHUPUHON MOJIOCHI 5 M
JUIsL TIOBBIIICHMSI CIEKTPAJIbHOM SIPKOCTH W TEMIepaTypHOl cTaduiau3anuu
JUIMHBI BOJIHBI W3JIy4eHHs Ja3epHbIX auojoB (coBmecTHO ¢ OTU um. A.O.
HNodde PAH);

2. ronorpaguueckue Mpu3Mbl Ha OCHOBE MYJIBTHUIUIEKCHBIX OpP3TTOBCKUX
pemetok (6onee 20 pemeTok, 3amUCaHHBIX B EIWHUYHOM OO0bEME) s
KaJUOPOBKH BBICOKOTOYHBIX YIJIOBBIX NPHUOOPOB (COBMECTHO C KOHLIEPHOM
«IHUU «DnexTponpudop»);

3. m3o0paxaromnue ronorpadpUuecKue METKH IS KOJUIMMAaTOPHBIX
rojiorpauuecKux MpUIeoB;

4. 0a30BbIE AIEMEHTHI Il OYKOB JIOIMOJIHEHHOW PEaJbHOCTH Ha OCHOBE
MOAX0Aa MOHOJIMTHOM HMHTErpaluy BOJHOBOAHOM IuiacTuHbl U3 OTP crexia c
3allMCaHHBIMUA B HEW MYJIBTUIUIEKCHBIMM TOJIOTpaMMaMH JIJIi BBOAA W BBIBOJIA
uHdopmanuu (coBMectHo ¢ MI'TY um. H.D. baymana);

. JIIOMUHECIICHTHBIE BOJIHOBOABI U TAaTYMKU TEMIIEPATYPHI,;

6. ma3MoHHBIE BOJMHOBOABI, SERS ceHcopbl i XUMHUYECKOTOo W
OHMOJIOTUYECKOTO JIETEKTUPOBaHUS, (POTOKATATIN3ATOPHI;

7. Ha nazepubix OTP creknax, akTUBUPOBAHHBIX HEOAUMOM, 3pOUEM U
UTTepOMEM MOTyyYeHa TeHEpalusi, YTO OTKPHIBAET BO3MOKHOCTH pealin3aliil B
CTEKJIE UCOJIOTUM MOHOJIIUTHON MHTErpallui OPITTOBCKUX PEIIETOK M Ja3epHOU
Cpenbl, MO0 aHAJIOIMU C MOJYNPOBOJHUKOBBIMHU JIa3€paMH C PACHpPEICICHHON
00paTHOM CBA3BIO.

Takum 00pa3oMm, MOXKHO 3aKJIHOUYUTH, YTO MHOro(dyHKIMOHaIBHBIE DTP
CTEKJIa MMEIOT OOJIBIION TOTEHIMaA Kak Trojiorpaduyeckas, MOHOOOMEHHAs,
JIOMUHECIICHTHAS M JIa3epHasi cpeqia, U, HECOMHEHHO, TaKue MaTepHasbl OyIyT
BOCTPEOOBaHbI IPH CO3JaHUM JJIEMEHTOB U YCTPOMCTB (POTOHHKH HOBOTO
ITOKOJICHUS.

PaGota mpoBoaumnace mpu mnoaaepxke Poccuiickoro HaydHoro Qosna,
mpoekT Ne 20-19-00559.
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®A30BbIE HAHOHEO/JHOPOJHOCTH B OKCUIHBIX CTEKJIAX
N ©YHKIMOHAJIBHBIE MATEPUAJIBI HA X OCHOBE
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Mockea
E-mail: georgiy.shahgildyan@gmail.com

®dazoBble HAHOHEOJAHOPOJHOCTH, 3HAYMUTENIBHO OTJIWYAIOIIHECs IO
COCTaBy M CTPYKType OT OKpYyXKalolllel HX CTEKI000pa3HOW MAaTpHIIbI,
OKa3bIBAIOT CYIIECTBEHHOE BIUAHWE Ha ee¢ cBoicTtBa. Ocoboe 3HaueHue
dbopmupoBanue PpazoBbIX HAHOHEOTHOPOIHOCTEH UMEET /IS pa3pabOTKH HOBBIX
ONTUYECKUX MATEPUAJIOB HA OCHOBE OKCHIHBIX CTEKOJI, CIOCOOHBIX MPOSBISATH
crenuPpuIecKkrue HEJIUMHEHHO-ONTHYECKUE, CIEKTPAIbHO-IIOMUHECIICHTHBIE W
pyrue CBOMCTBA. Hamnpasnennoe dbopmupoBanue (b a3oBBIX
HAHOHEOJHOPOJAHOCTEH B CTEKJIaX OTKPHIBAET HOBBIE BO3MOXXHOCTH IS
CO3JIaHUsI ONTUYECKUX MaTEpPHAJOB C YIPaBIAEMbIMH, a HHOTJAa W HE
CBOMCTBEHHBIMHU CTEKJTy cBoicTBamMu. OpHAKO, HECMOTpsS Ha 3HAYUTEIHLHOE
KOJIMYECTBO MCCJICAOBAHUM, TIOCBSIICHHBIX CO3aHUI0 HOBBIX ONTHYECKUX
MaTepuajgoB Ha OCHOBE CTEKJIa M MOJEIMPOBAHUIO MX CTPYKTYpsl [1], mo cux
MIOp OTCYTCTBYET IMOJIHOIIEHHOE ONMHUCAHUE TUIIOJIOTUH ITHUX HEOJHOPOTHOCTEHN U
MeTOoA0B uX dopmupoBaHus. B nmaHHol paboTe mpeacTaBieH 0030p ¢a30BBIX
HAaHOHEOJHOPOJHOCTEH, HalpaBieHHOe (QOpMUpOBaHHE KOTOPBHIX OyJIeT
CIIOCOOCTBOBAThH CO3/IaHUI0 ONTHYECKUX MATEPUAJIOB C 3aJaHHBIMU CBONCTBAMU
¥ HEOOBIYHBIMU UX KOMOMHAITUSMH.

[. SBnenue cTaOWIBPHOM M METACTAOWIBHOW JIMKBAIlMM B CTEKJIO-
00pa3yrolux OKCHUAHBIX CHUCTEMaxX, M3BECTHOE MHOTHE JICCATHIIETHS, BCErna
NPUBJIEKAJIO BHHMMAaHHE KakK OOBEKT HCCIEAOBAHUM, TMPEIIECTBYIOMUNA
BO3HUKHOBEHUIO APYTUX PYHKIIMOHAIBHBIX (Pa30BBIX HEOJHOPOJAHOCTEN (B BHIIE
HAaHO- W MUKPOKPUCTAUIOB WM HaHOmop). COBpEeMEHHbIE UCCIEIOBaHUS
MOKA3bIBAIOT, YTO JMKBAIMS caMa 1Mo ce0e MOXKET MPUBOAUTH K (POPMUPOBAHUIO
(ha30BbIX HEOJTHOPOJHOCTEH, BIMUSIIONIUX HA CBOMCTBA ONTHYECKUX MATEPHUAJIOB.
Hampumep, B pabortax [2-3] mpoeMOHCTPUPOBAHO 3HAYMTEIHHOE IMOBBIIICHUE
MEXaHUYECKUX CBOMCTB (Tpeles MPOYHOCTH, MHUKPOTBEPIAOCTh M Ap.) ONTH-
YeCKM NPO3pAayHBIX CTEKOJI Onaromaps TEPMOWHIYIHMPOBAHHOMY (HOPMHUPO-
BaHUIO JINKBAIIMOHHOM CTPYKTYpbl. AMOpQHBIE (ha30BbIe HAHOHEOTHOPOIHOCTH,
chopmupoBanHbie B cTekinax cucteM Me;O-Nb,Os-SiO; (Me = Li, Na, K), K;O-
TiO2-P,0s w Japyrux, NOPUAAIOT ONTHYSCKAM MaTepuaiaM HEJIHMHCWHO-
ONITUYECKUE CBOMCTBA, MPOSBIISAIONINECS B T€HEPANU BTOPOH rapMOHUKH [4-6],
a B paborte [7] moka3aHo, 4yTo cinabasi KBaJpaTUIHASI ONTHUYECKAsT HEIIMHEWHOCTh
BOOOIIIE XapaKTepHa JUIsl CTEKOJI, JMKBUPOBAaBIIMX B HaHOMAacmiTabe.
NunnuupoBanue NUKBauK B cTekiaax cuctembl ZnO-Al;03-Si0O; ¢ nobaBkamu
AuCl3 mo3BoJIIeT yHpaBIATh TOJOXKCHHEM TIOJOCHI  JIOKAJIM30BAaHHOTO
MJIa3MOHHOTO pPe30HAaHCA (POPMUPYIOMIMXCS HAHOYACTHI] 30JI0Ta, 0OecreynBas
CABUI MaKCMMyMa Iojiockl B pauama3zoHe n10 1000 aM [8]. DT1oT sddext
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JOCTUTAETCS 3a CYET JIOKAJIM3alUW HAHOYACTHIl B JIMKBALMOHHBIX 00NACTIX,
M3MEHSIONMX  XapakTep  MOBEACHHS  MOBEPXHOCTHBIX  IUIA3MOHOB B
HAaHOYACTULAX 30JI0Ta U CHOCOOCTBYIOUIMX YUIMPEHHUIO CHEKTpa IJIA3MOHHOIO
pe30HaHca.

II. ®opmupoBaHue HAHOKPUCTAIIOB PA3JIWYHONW HIPUPOABI B CTEKIax
ABIIAETCS OJHUM M3 HaumboJjiee pacHpOCTPAHEHHBIX METOJIOB  CO3JIaHUS
(YyHKIMOHAIBHBIX (PAa30BbIX HAaHOHEOJHOPOJHOCTEH, 0OecneunBarOIMX HOBbIE
CBOICTBa CTEKOJI M MX TOHKYIO HacTpouKy. Kilaccuueckum moaxoaom sipisieTcs
Halleamas MUPOKOe MPUMEHEHUE CUTAIIIOBAS] TEXHOJIOT U, KOTOpasi MO3BOJISET
MOJIy4aTh IIMPOKUM CHIEKTP CTEKIOKPUCTAJUIMYECKUX MaTepuasIoB, B TOM YHCIIE
U TpO3payHbIX, M, B YaCTHOCTH, (OpMHUpPOBaTH B 00bEMe CTeKJa
JIURJIEKTPUYECKHE, TOTYIIPOBOJHUKOBBIE WM METaUIMYECKHEe HaHOKPHUCTAUIbI
[9], mpuyem wMoaM(PUIUPOBAHHEM COCTaBa CTEKJIa MOXXHO CYIIECTBEHHO
yOpaBiIsaTh CBOMCTBaMU MaTepuana. Hanpumep, nobasku 10 4,5 mon.% Al,Os3 B
raJIJIMEBO-T€PMAaHOCHIMKATHOE CTEKJIO 3HAYUTENBHO BIMSIOT Ha (hOPMUpPOBaHUE
HaHOKpHUCTAIIIOB Y-Gax03, yBenunBasi UX KOHUEHTPAIMIO U «3aMOPAKUBAsS» UX
pasMeppl, 4YTO MPUBOJWT K MHOTOKPATHOMY YBEIWYEHUI0 HUHTCHCUBHOCTH
moMuHecueHuun MarepuanoB [10]. Kiaccuueckum mnpuMepoM  BIMSIHUA
katanuzaropoB kpuctammmsanuu (T102, ZrO,) Ha dopmupoBanue (Ha3oBoro
COCTaBa M CBOMCTB CHTAJUIOB SIBJISIOTCSI CHUTaUIbI Ha OCHOBE cuUcTeMbl LiO-
Al;03-Si0;. MIMeHHO 100aBKH KaTalM3aTOPOB O00ECIIEYMBAIOT BO3MOXKHOCTH
3apOXKJICHUS U POCTA IEJIEBBIX SBKPUIITUTOMOMAO0HBIX (a3 U TOHKOTO KOHTPOJIS
3a 3HAYCHUAMH Kod(ppuUIMEeHTa TEeMIEepaTypHOro pacHIMpEeHHUs B CHUTaUIaxX
cucreMbl  Li2O-Al,O3-Si0,  [11-12].  JlokanbHbIH,  MOPOCTPAaHCTBEHHO-
CEJICKTUBHBII HAarpeB CTEKOJI C MOMOIIbIO (PeMTO- U MUKOCEKYHIHBIX JIa3epHBIX
y4YKOB TMO03BOJIsieT (OpPMHUPOBATh (DYHKIMOHAJIbHBIE HAHOKPUCTAIUIBI B
3aJlaHHOM 00JIaCTH, OTKPBIBAS ITyTH JJI CO3/IaHUsI BOJIHOBOJHBIX U TPEXMEPHBIX
(OTOHHBIX CTPYKTYp B 00BbEME CTEeKI000pa3Hoi Marpuibl. B padorax [13-14]
YCTaHOBJIEHO, YTO B 00BbEME CTEKJIa MPAMON JIa3epHOM 3alUChi0 MOTYT OBITh
chOpMHpPOBaHbl  KPUCTAJUIMYECKHE BOJHOBOJIBI, TEHEPUPYIOIIHUE BTOPYIO
ONTUYECKYI0 TapMOHMKY. HemaBHO ObuLia Moka3aHa BO3MOXKHOCTH JIA3€pHOTO
dbopMUpOBaHUS B CTEKJIE NMEPOBCKUTONOTO0HBIX HAHOKPUCTAIIOB, XUMHUYECKUH
COCTaB KOTOPBIX BAPhUPYETCS B 3aBUCUMOCTH OT PEKUMA JIa3epHOH 00pabOTKH.
DTO MO3BOJISIET HACTPAUBATh MOJOKEHNE MAKCUMyMa MOJIOCHI JIIOMUHECIIEHIIUN
B auamna3one ot 470 go 700 uMm [15], co3gaBas MUKpopa3MepHbIe CBETOUOIbI U
JUCIUIEH BBICOKOTO paspemieHus. TodeuHoe (HopMupoBaHHEe HAHOPA3MEPHBIX
ne(deKTOB pPA3TMYHON MPUPOJBI OTKPHIBAET BO3MOXKHOCTH IJisi pa3pabOTKu
METOJIOB  CBEPXIUIOTHOW  MHOTOYPOBHEBOM  MHOTOCIOMHOW  3allUCU U
HEOTPAHUYEHHO [JIUTEJIBHOIO XpaHEHUs JIaHHBIX B CTEKJaX, a TaKke
dbopMupoBaHusi B 00beME CTEKOJ (YHKIIMOHAIBHBIX YCTPOWCTB, TaKUX Kak
MHUKpPO-KOHBEpTEphl monsspusanuu [16—17]. CrekTpalibHO-TIOMUHECIIEHTHBIE
CBOWMCTBA, WHUIIMUPYEMbIC JIOKaJTbHO Tpu 0Opa3oBaHnu (Pa30BBIX HAHO-
HEOJHOPOJHOCTEN B BUJIE KJIACTEPOB, HAHOYACTHUI[ METAJUIOB WJIM KBAaHTOBBIX
ToyeK [18], OTKpBIBAIOT NMyTM K MHOTOMEPHOMY KOJMPOBAHHUIO JAHHBIX C

102



HCIIOJIb30BAaHUEM PA3IUYHBIX Pa3psSAHOCTEH MHTEHCHUBHOCTH JIFOMUHECUEHUUU
HaHOCTPYKTyp. Hampumep, HenaBHO Obl1a IPOJEMOHCTPUPOBAHA BO3MOKHOCTD
CO37aHMsl ONTUYECKOM MaMsATH MyTEeM JIa3€pHOM 3amucH KJIacTepoB cepedpa B
O6opaTHOM cTekiie ¢ eMKkocThio 6omee 10 I'6/cm?® [19].

[I. TlopuctocTbh, OOBIMHO HE CBOMCTBEHHAs CTEKJIaM, TaKXe MOXET
paccMaTtpuBaThCsi Kak (yHKIUMOHaNbHAs (a3oBas HAHOHEOIHOPOJIHOCTb,
3HAYMTEIBHO BIMSIONIAS HA CBOMCTBA ONTHYECKUX MaTtepuanoB. opMupoBaHue
HAHOYACTHUIL cepedpa UM 30J10Ta B OPAX HAHOMOPHUCTHIX CHUIMKATHBIX CTEKOJI
OTKpPBbIBA€T BO3MOXKHOCTb CO3JaHUsl 3(P(EKTUBHBIX MOJJIOXKEK [JIsl CIEKTPO-
CKONIMM THUTAaHTCKOTO KOMOWHAIIMOHHOTO pAacCesHMs, HCIOJb3yeMOU s
JNETEKTUPOBAHUS CBEPXMaJbIX KOHUEHTpauuil BemecTB [20]. OcaxxieHne HOHOB
NEPEXOJAHBIX METAJUIOB B MOPAax MO3BOJISET MPHU MOCIEAYIONIEH TeMIepaTypHOu
KOHCOJIMJAUMU (OPMUPOBATh OKCHJIHBIE CTEKJIa C BBICOKHM COJAEpKaHUEM
aktuBatopoB [21]. HaHomopsl urparoT Ba)KHYIO pOJIb B 3ajladyax JIa3epHOU
3anucu (PYHKIIMOHANBHBIX OOBEKTOB: JIEHCHU(PUKALUS TOPUCTON CTPYKTYpPHI
MO3BOJISIET CO3/1aBaTh BOJIHOBOAHBIE APXUTEKTYpPbl C BBICOKMM MPOCTPAHCT-
BEHHBIM pa3pernieHueM [22], a BO3MOXHOCTb OBICTPOTO M BOCIPOU3BOJIMMOTO
(dbopMUpOBaHUS HAHOCTPYKTYP C BBICOKMMH 3HAUYCHHMSIMHU (Pa30BOM 3aJEPKKU
JIeaeT TIOPUCTOE CTEKIIO MEPCIEKTUBHBIM KaHAMAATOM JIJIsl 3alMCU U XPaHEHUS
JaHHbIX [23].

[IpuBeeHHBIE MPUMEPHI JEMOHCTPUPYIOT MEPCTIIEKTUBBI MCIOIb30BAHMS
(ha30BbIX HAHOHEOJHOPOIHOCTEH JIsi CO3/JaHUSI HOBBIX ONTHYECKUX MATEpUATIOB
C CaMbIMU pa3JWYHBIMU COYETAaHUSAMU CBOWCTB. IIpu 3TOM, HecMoTps Ha
OMKMCAaHHbIE TMOTEHIMATbHBIE MPEUMYIIECTBa, CTeKiIa C (Pa30BBIMHU HEOHO-
POJTHOCTH OCTAIOTCSI CIIOKHBIM C TEXHOJIOTHYECKOM TOYKH 3PEHUS 0OBEKTOM,
IPOTUBOPEUALUM OCHOBAM ONTHYECKOTO MaTepUajOBEelCHUs, TPEOYIOIUM OT
Marepuajga MaKCUMaJIbHO BBICOKOM CTENEHU OJHOPOJHOCTH B Makpo-, M€30- U
mukpomaciiurade. OnHako, HEOJTHOPOIHOCTU CTPYKTYphl B HaHOMaciiTabe BO
MHOTHX CIIy4asX MOTYT HE BJIHMATH CKOJIbKO-HHOYAbh 3aMETHO Ha CBOWCTBA
ONTUYECKOTO0 MaTepuasia, MPUBHOCA B HEr0 JOMOJHHUTEIbHbIE (PYHKIIHO-
HaJbHOCTU. B 3TON CBA3M ONBIT MPOMBIIUIEHHOTO OCBOCHHS IPO3PAUYHBIX
cutauioB Ha ocHoBe cucreMbl LiO-Al,O3-Si0,, a Takke OmBIT IIpo-
MBILUIEHHOTO TMPOM3BOJACTBAa (OTOTEPMOPEPPAKTUBHBIX CTEKOJI C HaHO-
KpUCTAJUIaMH  cepebpa, JEeMOHCTPUPYET BO3MOXKHOCTh MacHITaOMPOBAHUS
MOJIXOJOB K IPOU3BOJACTBY CTEKOJ, COJAEpKamMX (a3oBble HAHOHE-
onHopoaHocTH. Bee Oonee rimy0okoe moOHMMaHUE MPOIECCOB MX (POPMUPOBAHUS
U pa3paboTKa MPEIU3NOHHBIX METOJ0B WHUIIMUPOBAHUS M KOHTPOJS UX POCTa
COCTaBJIIET OAHY W3 AaKTyaIbHBIX 33Ja4 COBPEMEHHOIO ONTHYECKOTO
MaTepHaIOBEICHUS.
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HOBBIE OPTTAHMYECKUWE U I'MBPU/IHBIE MATEPUAJIBI
JUIL ®OTOHUKHU

O. b. IlerpoBa
Poccuiickuu xumuko-mexunonoeuveckuu yHugepcumem
umenu J[.U. Menoeneesa, Mockea
E-mail: petrova.o.b@muctr.ru

Opranuyeckrue NOJYNPOBOAHUKOBBIE MaTepuaibl B nociaegHue 10 jer
CTPEMUTEIBHO PACIIUPAIOT obOjacTu mpuMeHeHus. Cambiii 00MBIION Mporpece
Ha0JI0/1aeTCsl B 00J1aCTH AJIEKTPOJIIOMUHECIIEHTHBIX MaTEpUaJIoB JIJIsl YCTPOMCTB
otobpaxenus unpopmainuu — OLED (OCHJ]) nucrnneeB, ocBeTUTENEH, YMHBIX
OLED-Tkanei.

TpeboBanusi K CTaOWJIBHOCTH CHEKTPAJIbHBIX U SPKOCTHBIX Xapak-
TEPUCTUK KaK OT MapTHH K MApTUHU, TaK U BO BPEeMs SKCIUTyaTallid OKa3aloCh
BO3MO’KHO BBITIOJIHUThH TOJBKO TOTJA, KOTJIa OpPraHUYeCKHE MOJYIMPOBOIHUKU
NPUOJM3UIUCHh TI0 XUMUYECKOM YUCTOTe K SN, 4TO Ha CEroJHSIIHUN JeHb
SIBJISIETCS. HYDKHEW TIIAHKOM JUIsi HEOPTraHWYECKUX IOJTYMPOBOJHUKOB AHAIU3
JTUHAMHUKA ~ Pa3BUTUS  BBICOKOYUCTBIX  TOJYIMPOBOJHUKOBBIX  MaTE€pUAJIOB
MOKa3aj, 4TO HEOPTraHWUYECKUM IMOJYMPOBOJHUKAM MOTpeboBasioch okojio 40
net, yToObl 3aMecTuTh SN-bIe TIpenapaThl Ha Oosee BhICOKOYHUCTHIE. [0 ATOMY
MOKAa3aTeII0 OpraHUYeCKue MOJYNPOBOAHUKH HAXOJSATCS B HAYaJbHOW CTaIuU
cBoero pa3ButHs. KpoMe 4ncToThl O IPUMECSIM O4Y€Hb BaXKHBIMU MapaMeTpamMu
OKa3aJluCh HaJIM4YMe U30MepoB U mnonumopdusma. Paznmunbie nmorumopdHbie
MOJU(PUKAIKUKA MOTYT MPOSIBIATH JIOMUHECICHIIMIO C Pa3HOM JJIMHON BOJIHBI U
MHTEHCHUBHOCTHIO [1].

OnHrMH U3 caMbIX pPaclpOCTPAHEHHBIX JIFOMUHECLIEHTHBIX MaTepUajoB
st OCHUI-ycTpoHCTB — SIBIIFOTCS ~ METAJUIOKOMIUIEKCHI € Pa3IMYHBIMH
opranndeckumu jurannamu. CTOUT OTMETHUTh, UTO 3apyOekHas JUTepaTypa
OTHOCHUT TOJIO0OHBIE COEMHEHUSI K HEOPTAaHMYECKOW XMMUH, a B Halllel CTpaHe
OTHECEHUE €IIE HE YCTOSAIO0Ch, HO CKIOHSIETCS K TAKOMY XKE€.

JItTOMMHECUEHTHBIE METAINTIOKOMILIEKCHI MOMKHO PAa3J€IUTh Ha KOMIUIEKCHI
C JIMTaHJ-LIEHTPUPOBAHHOW W METAJUI-ICHTPUPOBAHHON JIFOMUHECICHIIEH.
KomMmrnekesl ¢ nMurana-meHTpupOBaHHON JTIOMUHECIICHIINEH OOBIYHO 00JIaatoT
IIMPOKUMHU TMOJIOCAMU JIIOMHUHECUEHIIMH, BBI3BAHHBIMU TE€PEXOJIaMH  MEXKIY
HU3MIeH CcBOOOMHON MoekyisipHoit opouransto (HCMO, LUMO lowest
unoccupied molecular orbital) u BeIcIIel 3aHATON MOJICKYJISIPHOW OpOUTAIBIO
(B3BMO, HOMO, highest occupied molecular orbital). Takme xomrIeKch
co/iepKaT OJMHAKOBBIE WM HEOJMHAKOBBIE JIMTAHIbI, © CAMBIMH HW3BECTHBIMU
W3 HUX SBIAOTCS 8-okcuxuHOMATHI MeTtauioB I, Il u Il rpynm Tabmuier
MengaeneeBa. B KomIIEKCcax C MeETAI-LIEHTPUPOBAHHOW JIFOMHHECLUECHIMEHN
OCYILECTBIISIETCSl Oe3bI3NydarelibHasi TMepejadya »HSHEPruud C JIMTaHJAO0B Ha
BO30Y’)KJICHHBIE 3JICKTPOHHBIC YPOBHHU IICHTPAJHHOTO MOHA METaJia, a 3aTeM
JIOMUHECUEHIINS, XapakTepHasi JJisl JAaHHOTO MoHa. Takoe sBJIEHUE MOJIyYHIIO
Ha3BaHUE «aHTeHHa-3pdexT». Cpenn MeTaUI-IEHTPUPOBAHHBIX JTIOMUHO(POPOB
MOKHO BBIIENUTh KOMILIeKchl EUSY, obnafaromue KpacHOM JTIOMHHECIIEHIMEN.
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C uenpl0 yBEIMYEHMS] PA3PEIICHHOCTH JIIOMUHECLEHTHBIX IEPEXOJ0B B
pPEAKO3EMENBHBIX MOHAX KOMILUIEKCHI CTaparOTCsl MOJIy4aTh HECUMMETPUYHBIMH,
T.€. COAEpPKAUIUMHU Pa3JIMYHbIE MO JOHOPHO-AKUENTOPHOM MPUPOJIE JIMTaH/bI
[2].

OpHoit u3 mnpoOJeM MaccoBOrO MPUMEHEHHUS METaNIOKOMIUIEKCHBIX
MarepualioB B (POTOHUKE SBIAETCS HX MEHbIAs, YeM Yy HEOPraHHYECKHUX
JIOMUHO(POPOB, CTAOMIBHOCTHL B OKpyXkaromei cpeae. OaHuM CcrocoOoB
3alllUTHl SBJISIETCS co3faHue THOpuaHbIX MatepuanoB (I'M), oObeauHSIONINX
OpraHMYecKHUe M HEOPraHWYeCKHE BeIlleCTBa HAa MOJEKYJSIpHOM ypoBHe. I'M
colepKar MO0 HEOPraHMYECKHEe HAHOYACTHIIBI B OPraHWYecKOi, Hampumep,
noJuMepHOM Marpuue, aubo, HAoOOpOT, aHcamOJIM OpPraHWYECKUX HaHO-
KJ1acTepoB B Heopranmyecko marpuue [3]. Ilo stomy mpuszHaky HuX Kiac-
cuUUUPYIOT Ha  HEOPraHO-OpraHMYecKHue U  OpraHo-HEOpPraHMYEecKHe,
COOTBETCTBEHHO [4].

OpraHo-Heopranmueckue ruOpuaHbIe MaTepuaibl IUPOKO MPUMEHSIOTCS
B HOBBIX MPUOOpPaX MACCUBHOM, aKTUBHON W MHTETPATIBLHON ONTUKHU U (POTOHUKHU
[5]. OcHOBHBIE HcCeAOBAHMS THOPUIHBIX MATEPUAIOB TOCBSIICHBI BHEAPEHUIO
OpraHu4eckux (PYHKIIMOHAIbHBIX HAHOKOMIIOHEHTOB B TaKH€ HEOPTaHUYECKUE
MaTpUIIbl KaK CHJIMKATHBIE CTEKJa, HAHOC(Epbl U3 OKCHUIA KPEMHHs, TOHKHE
amop(HbBIE TUICHKH, KCEpPOTeid, CIIOUCThIE JBOWHBIE THUJPOKCHUIBI, MOHO-
kpuctaiiel. Haunbonee NepCrneKTUBHBIM BUIUTCS HKCIOJB30BAaHUE JTIOMU-
HECIIUPYIOIIUX KOOPJIMHAIIMOHHBIX METaNI-KOMILJIEKCOB, OCOOCHHO Ha OCHOBE
P33. CpaBHeHME TIOMUHECIEHTHBIX CBOHCTB ['M, JerupoBaHHBIX oOpra-
HUYECKUMH KOMILICKCaMH COOTBeTCTBYROIUX 3nmemeHtoB (Nd, Eu, Th, Sm), ¢
TaKUMH >K€ MaTephaliaMHi, B KOTOpble [100aBKM BBOAWIM B BHJIIE Heopra-
HUYECKUX COCIUHEHUH, MOKa3aIu 3HAYUTEIbHOE YBEINYeHHE d9(PPEKTUBHOCTH.

OcHoBHBIMH MeTOoAamMu co3aanusi I'M SBISIOTCS pacTBOPHBIE METOJbI, B
MEPBYIO O4YEPEAb, 30JIb-T€Jb [6], POCT U3 pacTBOpPa HEOPraHUUECKUX KPUCTAIIIIOB
C 3aXBaTOM OpraHWYECKOr0 KOMIIOHEHTA, TEMIUIATHBIM CHUHTE3, a TaKke
razoda3Hble METOJbI — BAKYYMHOE OCaXJICHUE, aTOMHO-TIOCIIOMHOE OCaXICHHE.
Ha xadenpe xumun u texHomoruu kpuctamioB PXTY pazpabortanu HECKOIBKO
OPUTMHAIBHBIX METOJ0B noydyeHus ['M:

1. PacimaBHas Meroamka. JTa METOAMKa OblIa ONMpoOOBaHA HAa MIUPOKOM
Py TIOMUHO(POPOB KaK 8-OKCUXUHOJATAX, TaK U HA [B-ITUKETOHATAX METAJIIOB,
OTJICIBHBIX OpPTraHWYECKUX JHTaHJaX MW MaTpulax JEerkoIuiaBkux (Topo-
OOpaTHBIX CBUHIIOBBIX CT€KOJ. MeTouKa COCTOUT B OMEUICHUH JTIOMUHO(DOpa
B pacIjiaB CTEKJIA, TIPU ITOM JIIOMHUHO(OP TMOJBEPraeTcs KPaTKOBPEMEHHOMY
(10-30 c) BeicokoTemmepaTypHOoMy (500-550 °C) Bo3meiicTBhi0 0€3 JOCTyIa
KHCJIOPO/Ia, YTO MPUBOJMUT K YACTUYHOM JECTPYKUUU OPraHUYECKOro KOMIIO-
HEHTa U OOMEHHOM peakIiuu ¢ dJIeMEHTaMM cTeka [7].

2. HamplieHHe TOHKHMX CJIOEB W TMOCenyrolas Jia3epHas oopadoTka. Jta
METOJIMKa OMpoOOBaHA B OCHOBHOM Ha Tpu-(8-okcuxuHONIATE) anmroMuHus Alqs
u matpuniax B2Os, PbF;, PbO. O6paboTka mpoBoamiiack Kak HEPEPHIBHBIM, TaK
U HUMOYJbCHBIM (EMTOCEKYHAHBIM Ja3zepoM. JlromuHodop mnoaBepraercs
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HarpeBy IMpU BaKyyMHOM TEPMHYECKOM HANbUICHUH, a 3aTeM JIa3epHOMY
Bo3JelcTBHIO. [Ipy HU3KUX 3HEPrusix ja3zepa NPOUCXOIUT OOMEHHAs peaklusl, a
pu OONBIIKX — pa3pylIeHHE TOHKOM IUIeHKH [8].

3. CoocaxneHue U3 BOJHO-CIUPTOBBIX pPAacTBOPOB. ITOT METOA
onpoOOBaH Ha MHUPOKOM psany JtomuHodopoB u marpun LiF, PbF,, BaF,, Srk,
Can, Zan, LaF3, Png-YF3, PbFz-LaFg, PbFz-YbFs, Can-YF3 u ap.
CoocaxJieHne MpOBOAUIOCH (PTOPOBOAOPOJHON KUCIOTOH U (ropumoM
aMMOHMSI M3 PAcCTBOPOB PACTBOPUMBIX COJIEH COOTBETCTBYIOIIMX METAIJIOB U
OpraHMYecKUX KOMIIOHEHTOB. TemmneparypHoe BO3JEWCTBHE B 3TOM METOJE
MHUHHUMAaJIbHOE, HO MPUCYTCTBYET BO3/CHCTBUE XUMUUYECKH arpeCCUBHOM Cpebl,
KOTOpPO€ MOXET TMPUBOJUTh K BCTPaWBAaHUIO (YHKIIMOHAIBHBIX TPyNn B
opranuydeckue ¢pparmMeHTsl (pTopupoBaHue, HUTpoBaHue) [9].

4. Trepnodaszupiii cuaTe3. OnpoOoBaH Ha 8-OKCUXHHOJATAX JUTUS Liq u
uHKa ZNngz u ap. u Matpunax PbF,, PbO, CaF,, ZnO, LaFs, PbF,-YFs, PbF,-
LaFs, PbF2-YDF;. DToT MeTon mo3BosIeT BapbHPOBATH TEMIIEPATYPY M BpeMs
00paboTKH, U MPUBOJUT K TAKOU ke OOMEHHOU peakIuy C MOJyUYCHUEM TeX Ke
ONTUYECKHUX LIEHTPOB, YTO U Apyrue metoauku [10].

5. Aoporenp wmerton. Jectpykuus (OCMOJIEHHWE) OPraHUYeCKOro
KOMITIOHEHTa B 30JIb-T€JIb MPOIECCe TMPOUCXOIUT, B OCHOBHOM, BO BpeMs
TITeNbHON cymiku refs. Cylika B CBEPXKPUTHUUECKUX YCIOBHUAX IO3BOJISET
IIPOBECTH MPOIIECcC 3aMETHO ObIcTpee. Takas Cylka Mo3BoJsSeT NOJyYUTh HOBBIN
Marepuang — a’porejau ¢ SKCTPEMalbHO Pa3BUTOM MOPUCTOCTHIO. IlosyyeHue
JIOMUHECUEHTHBIX  a3pOreliell  OTKPHIBAET IIMPOKUE BO3MOXKHOCTHU  MX
UCIIOJIb30BaHMs B KauecTBe 3P(GEKTUBHBIX UCTOYHUKOB paccesHHOro cBera. ['M
ObUTM TOMy4YeHbl Ha ocHOBe SiOz-a’porenss U 8-OKCUXUHOJATOB ATIOMUHUSA
Algs, 6opa BQs, kanbiust Cagy, B-aukeronatoB Eu u Yb. IToayueHnsle asporenu
NOpOSBISIOT 3(PGEKTUBHYIO JIIOMUHECIIEHIIMIO BO BCEM BHIAMMOM JIMaIla30HE
(mo3BosstoT co3aath RGB ycrpoiictBo) u B UK [11].

6. Kanmwmuisgpueli Meron. MeTonbl Xuako(pa3HOTO HAHECEHHS TOHKHX
IUICHOK Oojiee JKOHOMHYHBI, 4YE€M METOJbl BAaKyyMHOTO HANbUICHUSA, U
MO3BOJIAIOT HAHOCHUTH IUICHKH OOJBIIOW TIJIOMIAAU: 3TO METOAbl OKYyHAHUS,
HEeHTpUPYTUpoOBaHUS W KaNMWUIIpHOTO HaHeceHusa. [lpuyem kanmuuisipHOe
HaHeceHue oOecrneunBaetr noutu 100 % Mcnoab30BaHME MUCXOJHOIO BELIECTBA.
['uOpugHbie TMIECHKA KANWUIAPHBIM METOJOM TIONydYajdl KakKk W3 3apaHee
CUHTE3MpOBaHHOTO TBepaodazHbiM MeTooM I'M (manpumep, CaF,+Liq), Tak u
MPOBOJISI PEAKLUUIO HEMOCPEACTBEHHO B TOJIIMHE HAHECEHHOW IUICHKU MpHU
tepmuyeckod  wian  CBY  aktuBamum  peakuuu. Takue — MJI€HOYHbIE
JIOMUHECHEHTHbIE ['M MOTyT HalTH IIMPOKOE NMPAKTUYECKOE MPUMEHEHUE B
KauecTBE KOMIIOHEHTOB MapKUpPOBKH [12].

O06o001m1as UCTOMB30BAaHHBIE METONBI cuHTe3a ', MOXHO cKaszarh, YTO
pa3TUYHBIE METOABI TO3BOJSIOT TOAYyYaTh OOBEMHBIC, TMOPONIKOBBIE WIIH
TOHKOIJIeHOYHbIe ['M ¢ pa3zHbiMu cBoiicTBaMU. C TOUKHU 3pEHUS] UHTEHCUBHOCTHU
HAaWJIy4IIFe TOoKa3aTelu y TBEpAO(}a3HOTO CHHTE3a, KAMWUIIPHOTO METOJa
HAaHECEHUS TUICHOK M a’poreiabHoro meroga. OTdyacTv 3TO CBSI3aHO C TE€M, YTO
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ATU METOJIbl 00ECTICUNBAIOT HAMIYUIIUA MEPEHOC OPTaHUYECKOro JIOMUHO(Opa
B LieJieBoe u3nenue. Tak mpu paciylaBHOM METOAE MPOUCXOIUT TepMHUUYEcKas
JNeCTpyKius Oojiee NBYX TpeTed OpPraHMYeCcKOro KOMIIOHEHTa, B 30JIb-TE€llb
METOJIE C TUTEIBHOM CyIIKOM — ocMmolieHue. [Ipu coocak/ieHnn — BEIMbIBAHUE
momuHodopa. [Ipu BakyyMHOM HambLJICHUH PACTIBIIICHUE MUMO TTOJIJIOKKH.
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JIASEPHOE TEPMOVYIUIOTHEHUE HAHOIIOPUCTBIX CTEKOJI

10.B. Crunpiaa, A.C. Jlunatees, C.U. Cronkud, FO.B. Muxaiios,
C.C. ®enoros, U.C. I'nedos, B.H. Curaes
Poccutickuti xumuxo-mexnonoeuueckuti ynusepcumem um. /.M. Menoeneesa, Mockea
E-mail: julyana2001@yandex.ru

B mocnenHee BpeMs BCE yalle MpOSABIAETCS HHTEPEC K IIOPUCTHIM
crexiam (IIC), xoTopble HaxOASAT MPAKTUUYECKOE MPUMEHEHHE IS CO3JaHus
Matpull (POTOHHBIX JIEMEHTOB, AKTUBHBIX JIA3€PHBIX CpPeJl, ONTUYECKON MaMsITh
[1]. Onnako IIC oTHOCATCS K TEPMOAMHAMUYECKH HEYCTOMYUBBIM CpEllaM H3-3a
WX CUJIBHO Pa3BUTOMN MOBEPXHOCTH, OOJBIION CBOOOIHON DHEPTUHU, HAUTMUUIO HE
3aMKHYTBIX -Si-O- cBs3eil W, Kak CJCACTBUE, JAaHHBIA Marepuana o0JagacT
BBICOKOM CKJIOHHOCTBIO aJCOpOIMM Ta30B U3 OKpYXKaloLIed Cpefbl, YTO
MPUBOJUT K U3MEHEHHUIO ONITUYECKUX CBOMCTB CTEKJIA C TCUCHHEM BPEMEHH.

B nanHO#l paboTe MmpoaeMOHCTPUPOBAHO (OPMHUPOBAHUE OJIHOPOIHOTO
6e3nedekTHoro u Oecnopuctoro cnos Ha mnoBepxHoctu [IC mocpencrBom
BO3JICUCTBUS Ha TMoOBepxHOCTh u3nydeHueM COr-nmazepa. st storo Obun
pPacCMOTPEHBI  BBICOKOCKOPOCTHBIE [2] M HHU3KOCKOPOCTHBIE [3] pEKUMBI
JIA3epHOT0 TEPMOYIUIOTHEHUs mMoBepxHOCTU. [lociae onmTuMu3aIuu peKMMOB
JA3epHOTO0  BO3JEHCTBHS HA TOBEPXHOCTH OBLT  cHOpPMHUpPOBAH  CJIOM
OECroprCcTOro CTEKJa, FTePMETUYHOCTh KOTOPOT0, ObLIa MOJTBEPXKIAEHA ITyTEM
HAHECEHMS] Ha TEPMOYIUIOTHEHHBI Y4YacCTOK KaIUlM JWCTUJUIMPOBAHHOW BOJBI,
KOTOpasi OCTaBajach Ha MOBEPXHOCTU O€3 BIUTHIBAHUS B MOPHUCTYIO CTPYKTYPY
obOpaszua (puc. 1). Iloka3zaHbl BO3MOXKHOCTM KakK 3allldCH ABYJydenpe-
JOMJISIOIIMX BOKCENOB (DEMTOCEKYHIHBIMU JIA3€PHBIMU UMITYJIbCAMHU B 00beMe
IIC yepe3 TepMOYIUIOTHEHHYIO MOBEPXHOCTb, Tak M TepMmoymioTHenus IIC c
IpEeABAPUTEIBHO 3alIMCAHHBIMU BOKCEJIAMMU.

Puc. 1. ®ororpadust noBepxHOCTH TepMoOyILIOTHeHHOTO oOpasia [1C, cnenannas yepes
HECKOJIbKO MUHYT, I1OCJIe HAHECEHHUS KaIlId BOJIBI.

HccnenoBanwst BRIMTOIHEHKI 3a c4eT rpaHTa Poccuiickoro HayuHoro (oHma
Ne 22-79-10231.

1. A.S. Lipatiev et al., Applied optics. 57, 4, 978-982 (2018).

2. J. Hildebrand et al., Physics Procedia. 12, 452-461 (2011).

3. K. Wissenbach, Tailored light 2. Laser application technology, Springer,
2011.
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TEXHOJIOTUS CUHTE3A U OIITUYECKUE CBOMCTBA COEI[HHEHHPI
CUCTEMBI AgC|0,25Br0,75 —TH

IL.B. Ilectepena, E.1O. Kaosikuna, A.E. JIsos, JI.B. XKXykosa
Ypanvckuii ghedepanvruiii ynusepcumem
um. nepsozo Ilpezuoenma Poccuu b.H. Envyuna, Examepunoype
E-mail: p.v.pestereva@urfu.ru

B cBa3u ¢ Tem, 4TO BemyTCS AaKTUBHBIM TOUCK M pa3paboTka HOBOU
AJIEMEHTHOM 0a3bl, MpeAHA3HAUYCHHOW [JIs TEeHepaluu, Mepeladyd U IpuemMa
MH(PpaKpacCHOTO M3Ny4YEHUs, HUCCIEAOBAHUE HOBBIX MATEPHUAIOB SBIISICTCS
aKTyaJIbHOM 3aJladyeil ONTHYECKOro MarepuaioBe/eHus. B Hacrosiiee Bpems
HauOOJIBIIIYI0 TIOMYJISIPHOCTh TPUOOpETN MaTepHualibl Ha OCHOBE TaJOT€HU]IOB
cepeObpa W OJHOBAJICHTHOTO TaJUIMs, TOCKOJbKY OHHM 00JIalaloT BBICOKOM
MPO3PAYHOCThIO B IIMPOKOW CIHEKTPAJbHOW 00JIaCTH OT BUAUMOTO JIO
TEparepiioBro JIUana3oHOB, IUIACTUYHOCTBIO, HETUTPOCKOMUYHOCTHIO, (HOTO-
CTOMKOCTbIO M BBICOKOM YCTOMYHMBOCTBIO K HOHU3ZUPYIOIIEMY OOJyYECHHUIO.
Hayunas nmaGopatopust «BOJTOKOHHBIX TEXHOJOTUM M (DOTOHUKHY 3aHHUMAETCS
pa3pabOTKOM M UCCIAEAOBAHMEM HOBBIX ONTHYECKHX MaTEPHAJIOB Ha OCHOBE
TBepAbIX pacTBOpoB cuctembl AQClo25Bro s — TII.

N3roroBieHrne ONTUYECKUX MATEPUAIOB Ha OCHOBE TBEPJIbIX PACTBOPOB
cucreMbl AQClo2sBrozs — Tl BkarowaeTr B cebs mpoiiecc TEPMO30HHOM-
kpuctammzanuu cuHtesa (T3KC), 3a cuer KOTOporo nosy4aroT BEICOKOUUCTYIO
MIMXTy C YacTOTOM 10 KaTHOHHBIM mpumecsiM He Oomnee 0,1 ppm, wu
HEIMOCPEACTBEHHO CaM IPOLECC BbIpAIMBAHUS MOHOKPHUCTAIIIOB U CHUHTE3a
ONTHUYECKOM KEpaMUKH MO METony bpukMeHa C pa3IuyHbIMU TEXHO-
JOTUYECKUMHU pexxnMamu. [locne 4ero, n3 CUMHTE3UPOBAHHBIX MOHOKPHCTAJJIOB
U ONTUYECKOW KEPaMHUKU HM3TOTABIMBAIOT IMOJUKPUCTAIUIMYECKHE IIIACTUHBI C
ONTUYECKON TMOBEPXHOCTHbIO TOJMIMIUHON 350+£5 MKM 10 MeETOAYy TOpsSYero
IPECCOBAHMA HA pPYYHOM THUAPABIMYECKOM IIpecce Mg HCCIEeA0BaHUs
(G yHKIIMOHAIBHBIX CBOMCTB 00pa3IoB [1].

[Ipy wu3roToBIEHUM IUIACTHH OOpa3lbl TOKa3adu ce0s BBICOKOILIA-
CTUYHBIMHU, & MOHOKPHUCTAJIJIBI BU3YaJbHO MPO3pAaYHBIMU B BUIUMOM 00JIACTH.
IIo pe3ynprataM wuCCIEIOBaHUS ONTHUYECKUX CBOMCTB MOHOKPHUCTAJLUIOB H
ONTUYECKOW KEPaMUKH Ha OCHOBE TBEPBIX pacTBOpoB cucteMbl AQClo25Bro 75 —
TIl ©bpUTO yCcTaHOBIIEHO, YTO MOHOKPHCTAJUIBI MPOIYCKAIOT B CHEKTPAIHLHOM
nuanazone ot 0,48 nmo 41,7 mMxkM ¢ mpospauHocthio a0 70 % 0e3 yuera
(dbpeHeneBcKuX MoTeph, a onTthdeckas kepamuka — oT 0,512 mo 41,7 Mxm ¢
MaKCUMalbHON mpo3padHocThio 10 50 %. Tak jxe Marepuanbl 00yamaroT
YCTOWYUBOCTHIO K YJIBTPA(PHOIECTOBOMY M HOHHU3HpYIomeMy oOmydeHuto. [lo
Metrony Bukkepca Oblna ompenesieHa MHKPOTBEPAOCTb MOHOKPHUCTAIJIOB U
ONTUYECKON KepaMHKH, KOTOpas cocTaBysieT oT 1,77 o 4,78 B 3aBUCUMOCTH OT
coctana 1pu Harpy3ke 0,98 H (100 rpamm).

1. L. Zhukova, D. Shatunova, D. Salimgareev, A. Yuzhakova, A. Korsakov,

2. P. Pestereva, Journal of Crystal Growth. 627, 127528 (2024).
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OKCOXJIOPMJHBIE CBUHILIOBO-TEJIUIYPUTHBIE CTEKIIA,
JIETUPOBAHHBLIE Tm**, Ho**, Er** [1J151 IPUMEHEHUU
B UK-®OTOHUKE

J. byrenkos!, A. Bacunenkosa®, A. bakaesa®, K. Pynunal, K. Veselsky??,
P. Loiko?, A. Braud?, P. Camy?, O. Iletposa®
L Poccutickuti Xumuko-mexHono2uueckuil yhueepcumen
um. [[.U. Menoeneesa, Mockea
2 Centre de Recherche sur les lons, les Matériaux et la Photonique (CIMAP),
UMR 6252 CEA-CNRS-ENSICAEN, Université de Caen Normandie
3 Faculty of Nuclear Sciences and Physical Engineering, Czech Technical
University in Prague

E-mail: dabutenkov@gmail.com

Pa3paboTka wmatepuanoB nisi MHGpaKpacHOro Juana3oHa CHEKTpa
ABJIIETCS AKTyaJlbHOM 3a/layei, IMOCKOJbKY OH 00JaJaeT psaoM Ba)KHBIX
MpaKTUYECKUX NMpuMeHeHu. OHUM U3 IEPCIEKTUBHBIX MaTEpUAIOB SBIISIOTCS
TSOKENble  CTEKJIa HAa  OCHOBE  JIMOKCHUJA  Teulypa, JIETUPOBAHHbBIE
pelKo3eMeIbHBIMA HOHaMH [ 1].

B nmpeacrtaBieHHOM — HMCCIENOBAaHMM MBI M3ydYajd  CIEKTPaJIbHO-
JroMHuHECHIeHTHBIe cBoicTBa cTékos POClo-TeOy, nerupoBaHHbIX HOHAMH TYJIHS
(Tm*"), romsmus (HO**) u op6usa (Er¥*) B xonuentpamusax 0,65 mo 2 mon%.
BBenenune xmopujia CBUHIIA B COCTAaB TEIUTYPUTHBIX CTEKOJ TPUBOIUT K
U3MEHEHHIO HX CTPYKTYpbl, YTO BHJHO B CIEKTpax KOMOMHAIIMOHHOTO
paccesinusi (NOSIBJICHHUE TIOJIOC, OTHOCAIMXCs K cBs3sim Pb-Cl, ymeHblieHue u
nepepacripe/iefiecHie MHTEHCUBHOCTEH IMOJIOC CTPYKTYPHBIX €IMHUII HA OCHOBE
cszeit  Te-O). CrpyKkTypHble H3MEHEHHsI COIPOBOXKIAIOTCA CHIKEHUEM
sHeprun (OHOHOB MATPHIIBI U YMEHBIIEHHEM BEPOSITHOCTH MHOTO(GOHOHHOU
penakcanuu Bo30yKIEHHBIX COCTOSIHUI HOHOB-aKTHBATOPOB.

Juana3zon mnpomyckanus cocrtaiasier oT 0,4 no 7,5 MKM, Opd 3TOM
kodpduuuent normomenus OH-rpynn wmemee 1,5 cm?®. Ha cmekrpax
TOIJIONIEHUs CTEKON IIPUCYTCTBYIOT BCE XapakTepHble i moHoB Tm*, Ho®,
Er¥* nomocel normomenus. CTEkna  JIE€MOHCTPUPYIOT — MHTEHCHBHYIO
JOMUHECUeHI0 B OmmkHeM U cpeaHem HWK-guanazonax. Bnepseie B
auarna3oHe 2-3 MKM [OJy4Y€Ha JIIOMUHECLCHIMS B MAaTpHUIlE Ha OCHOBE
OKCOXJIOPUIHOTO CBHUHIIOBOTO CTEKJAa. BpemeHa Ku3HH BO30YKIEHHBIX
cocrosstunii P31 B créknax cucremsl PDCl-TeO, Gombie, ueM B ITOXOKHX
okcuaHbIX cuctemax ZNnO-TeO; m LaO3-TeO; [2]. Hccnmemyemas cucteMa
MEePCTIeKTUBHA NJIsi MMPUMEHEHUN B CHUCTEMax, paboTaromux B HH(]pakpacHOM
JMara3oHe CIeKTpa.

PaGota BeimonHeHa mpu momaaepkke DoHga CoMecTBUS MHHOBAIUSM B
pamkax mporpammbel YMHUK (morosop Ne 183701°Y/2023).

1. B. I. Denker et al, Ap. Phys. B 124, 1-8 (2018).
2. Y.X. Zhou et al, Optoel. Let., 8, Ne 4, P. 273-276 (2012).
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CHUHTE3 1 CBOMCTBA CTEKOJI B CUCTEME PbCly-Ph0O-B,03,
JIETUPOBAHHBIX Nd**

A.B. Bakaesa', JI.A. Byrenxos?, K.W. Pynunal, A.B. Cynsun®, B.C. Ilapes®,
C.H. Ymaxkos?®, M.A. Ycnamuna?, A A. Iemmenkos?, O.5. Tlerposal,
N.X. Aserucos!

LPoccutickuii xumuxo-mexnonocuueckuil ynueepcumem
um. J[.U. Menoeneesa, Mockea
2Mopodoeckuii 2ocydapcmeennwiil ynusepcumem um. H.II. Ozapéea, Capanck
SUncmumym obwen gusuxu um. A.M. Ipoxopoea PAH, Mockea
E-mail: bakaevanna@mail.ru

BopatHble cTekia, coaepikamue COSAWHEHHUS CBHHIIA, O0JaJar0T KOMII-
JIEKCOM YHUKAJIBHBIX CBOWCTB, TaKWX KaK TPOYHOCTb, MaJlo€ TEIIOBOEC
pacIIMpeHre, BBICOKMM IIOKa3aTelb TNPEIOMIICHHS W 3HAYUTENBbHAs IPO-
3payHOCTh B IMIMPOKOM JHara3oHe crekrpa. OKcorajioreHuaHbIe CTEKIA OYeHb
NEPCIICKTUBHBI JIJI1 TNPUMEHEHUH B KauyeCcTBE MAaTEPHAIIOB-MATPUIL IS
COBPEMEHHBIX JIA3CPHBIX CHCTEM, B TOM YHCJIC BOJIOKOHHBIX [1].

B nannoli pabore OBUIO CHHTE3UPOBAHO 3 CEpUU CTEKON ¢ OOIIe
dopmymnoit xPbCl—(50-0,5x)PbO—(50-0,5x-y)B20s—yNdFs, rae x BapsupoBaics
ot 0 10 40 M011.% c marom 10 moi.%. J{ns nepBoit cepun Y 6611 paBeH 0 moi1.%,
st BTopoir — 1 Mom.%, a TpeTbs cepusi COOTBETCTBOBaja OOIICH ¢opmysie
30PbCl,—35Pb0O—(35-y)B203s—yNdFs, rae y=0,1, 0,3, 0,5, 1 u 2 mon.%.

Beenenne PbCl; mpuBoauT k pacuimpeHuio okHa mpo3payHoctd B MK-
oomactu g0 4,7 mxm (npu 40 mon.% PDOCly). Tlo 3HaueHuwsiM mMmokaszaTess
OpeIOMJICHUSIT M XOAY ONTHYECKOM JAucrhepcud CTEKJIA OTHOCATCS K
cBepxTspKenbiM GauHTam. Hccnemyemble CTEKIIA MPOSBISIOT TUIIMYHYIO IS
noHoB Nd*" momuuecnenumio. Ha KOHTYp HOIOC TIOMHHECHEHIUH U BPEMs
KHM3HH BO30YXXJICHHBIX COCTOSHHI BiuseT kouieHrpauus PDCl, B marpuie
crekia. He3HauyuTenbHBIM TUIICOXPOMHBIA CABUT  CIIEKTPAJIbHBIX JIMHUN
CBEpXUYBCTBUTENBbHOrO nepexona *Fap-*lop ¢ 876 M 1m0 874 HM npu
yBenuueHun conxepkanus PbCl; ot 0 mo 40 mom.% ykas3biBaeT Ha CMEHY
okpyxenus nonos Nd** ¢ okcuaHoro Ha 6osee noHHoe (xaopugHoe) [2].

beuta uccnenoana crpykrypa crtékon. Ilpu BBenenum PbCl, B coctaB
CTEKOJ TPOUCXOIAUT pazpylieHue rpynnupoBok PbOs m Bxoxaenue PbCl; B
CeTKy  CTeKjIa d4epe3  MocTukoBeie  cBsism  Pb-O-B.  IIpoumcxomur
JenoMMepu3alus W Oclia0JeHHe CTEKJISSHHOW CeTKHM C 00pa3oBaHHEM
M30JMPOBAHHBIX  HMOH-COACPKAIUX CTPYKTYpHBIX  eAuHHIl. VI3MeHeHus
CTPYKTYPBl CETKH CTEKJIa MPUBOAUT K 3HAYUTEIHHBIM HM3MEHEHUsM (PU3UKO-
XUMHUYECKUX CBOMCTB M CIIEKTPATbHO-TIOMUHECIICHTHBIX XapaKTEPUCTHK.

1. D. Butenkov et al. Ceramics 6 (3), 1348 (2023).
2. E.®. KycTtoB u np., Onexmpoumvie cnekmpwvl CcOeOUHeHUll peoxo-
3emenbhbix anemenmos, M.: Hayka, 1981.
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KAYECTBO KPUCTAJIJIOB KOJIbLKBUPUNUTA

E.b. XKenepal? B.B. Cemamko?, A.A. lllasenses!, O.A. Mopo3zos'?,
B.M. Kamxkun®, A.A. Kapa6yros?, 10.I1. BpoaaukoBcKuii®
'Kazanckuii (Tlpusonacckuii) pedepanvuviii ynusepcumem, Kazano
2Kaszanckutl usuxo-mexnuveckuti uncmumym um. E.K. 3aeoiickozo, Kazamnw
3Mopooeckuii 2ocydapcmeennwiii ynusepcumem um. H.II. Ozapéea, Caparck
E-mail: stillsennin@mail.ru

Kpucramner LiCaAlFs (LiICAF) ¢ npumecubimu nonamu Ce** m Cr3*
aKTUBHO HCIOJIB3YIOTCSI B KaueCTBE Ja3epHBIX Cpell yJIbTpaduoIETOBOIO U
UH(paKkpacHOro Juamna3oHoB, cooTBeTcTBeHHO [1-3]. Konrtponp kauecTBa
KPUCTAIJIOB Ha paHHUX CTaJAMSIX TIOCIE€ HX CHUHTe3a SBISETCS aKTyaJlbHOU
3a7jayenl.

B pabote ucnonb3yroTcsi METO/bl Ja3epHON aKyCTUKU JJisi ONEepaTHUBHOM
KOJIMYECTBEHHOW OLEeHKM KaudectBa KkpuctamioB LiICAF ¢ nomomibio
nedexrockona YJJI-2M. JlaHHas MeTOAWKa TO3BOJSET OCYIIECTBIATH
KOHTPOJb Ha CTaauud UUIMPOBAHHBIX MOBEPXHOCTEH, YTO HE Tpedyer
JIOPOTOCTOSIIEH MPEIU3UOHHON 00pabOTKM KPUCTANIOB B OTIWYUE OT
TPAJAUITMOHHBIX MOJSPUZANMOHHBIX U UHTEPPEPOMETPUUECCKUX METOIHK.

Uccnenyembie o6pasiel  kpuctamwioB LICAF  Obuid  BbIpalieHbl B
Kazanckom ¢enepansnom yHuBepcutere [4]. Kak wusBectno [1,5], B
CUHTE3WPOBAHHBIX KPUCTAIAX JIaHHOTO XUMHUYECKOTO COCTaBa HaOIIOJaeTCs
AHU30TPOITHOE PACCEIHHE CBETA HAa HEOJHOPOOHOCTSAX Pa3IMYHOM MPUPOJBI,
KOTOPOE YCIIEUTHO YCTPAHIETCS MyTeM OTKUTa 00pa3IloB.

Uccnenosanust  kpuctauioB  LiCAF  ocymiecTBisuiuch  MeTofamMu
a0COpOIIMOHHON CIIEKTPOCKONIMU M JIa3epHOM aKkycTuku. Bce wu3Mepenus
OPOBOIMINCH BHOJAb onthudyeckod ocu C. H3ydeHbl MNpPOCTpaHCTBEHHbIE
3aBUCUMOCTH KOHIIEHTPAllMd IPUMECHBIX HOHOB KPHUCTAUIOB M CKOpPOCTEU
IPOJIOBHBIX U CIBUTOBBIX YJBTPa3BYKOBBIX BOJH (Y3B) BHosib HampaBieHUs
pocTa Kpucrasia. PaccuuTanbl IpOCTPAaHCTBEHHBIE 3aBUCHMOCTH MEXaHUUYECKUX
KOHCTaHT o00pa3noB u kodhduimenta 3atyxanus Y3B. Ilokazano, uyto
KO3 OUIIMEHT 3aTyxXaHUs yJIbTpa3Byka MOXET CIYXKUTh TapameTpoM,
MO3BOJIAIOIIMM ONEPATUBHO XapaKTepU30BaTh KayeCTBO CUHTE3UPOBAHHBIX
kpuctamioB LiCAF.

UccnenoBanne akyctuueckux xapaktepuctuk kpuctamioB LiCAF 6wuio
MPOBEIEHO B paMkax rocynapcrseHHoro 3afganus OUL[ «KasaHcknili Hay4dHBIN
neHtp PAH».

1. M.A. Dubinskii, et al, Journal of Modern Optics 40, 1-5 (1993).

2. S.A. Payne, et al, Journal of quantum electronics 24, 2243-2252 (1988).

3. V.V. Semashko, et al, Phys. Solid State 47, 1507-1511 (2005).

4.J.J. De Yoreo, L.J. Atherton, D.H. Roberts, Journal of crystal growth
113, 691-697 (1991).

5. A A. Shavelev, et al, Proceedings of SPIE - The International Society
for Optical Engineering 11322, 113221L (2019).
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OIITUYECKHWE MATEPHUAJIBI HA OCHOBE TBEP/IbIX PACTBOPOB
CUCTEMBI AgCIl —AgBr — Agl

JLJ1. Canumrapees?, A.A. IOxaxosa®, A.E. JIbpos?, I1.B. ITecrepenal,
A.C. Kopcaxos?!, A.C. IlImpiranes!, JI.B. XKyxkosa!
YVpanvckuil pedepanvrbiii yrusepcumem
um. nepsoeo Ilpezuoenma Poccuu b.H. Envyuna, Examepunbype
E-mail: d.d.salimagreev@urfu.ru

PazpaboTka uMH(paKpacHbIX U TepareproBbIX ONTHUYECKUX MAaTEpUATIOB
JUISL IIIAPOKOCTIEKTpaANIbHBIX cucTeM, meauiiuubl, UK u TI'1p TexHuku sBisieTcs
aKTyaJqpbHOM 3ajmauedd. [lepcreKTMBHBIMU MaTepuajliaMH [Jisi JaHHBIX MpUMeE-
HEHUN SIBJIAIOTCSA pa3pabOTaHHBIE aBTOPCKUM KOJUICKTHBOM MOHOKPHUCTAILIBI U
ontuyeckas kepamuka cucreMbl AgCl — AgBr — Agl [1], kotopble siBasitOTCS
HETOKCUYHBIMU, HETUTPOCKONMMYHBIMHU, O0JIAalOT  BBICOKOW  (oTo-
paaualMOHHON YCTOWYMBOCTHIO. BBICOKas TIACTUYHOCTH JTAHHBIX MaTEPHAJIOB
MO3BOJISIET HAa MX OCHOBE METOJIOM TOPSYEro MPECCOBAHUS HW3TOTaBIIUBATH
pasnuuHble u3nenus (OKHA, JUH3BI U T. J.), @ METOJOM OKCTPYy3UH —
uH()paKpacHbIC CBETOBO/IBI.

B pamkax cucremsr AgCl — AgBr — Agl Obumn ytouyHeHsl ¢a3oBbie
auarpammbl cucteM AgCl — Agl, AgCl — AgBr, AgBr — Agl u uccrienoBaHbl
HoBbele auarpammbl AgCl — AgBro7los m AgCloasBrozs — Agl. Tlomydennsie
pE3yNbTAaThl MO3BOJIMIM BBISBUTH O0JACTH TOMO- U TE€TEPOre€HHOCTU, COCTABBI
KOTOPBIX MPUTOAHBI JUIsl BBIPAIMBAHUS MOHOKPUCTAJUIOB M  CHHTE3a
ONTUYECKON KEPAMHUKH COOTBETCTBEHHO. [10 M3yueHHbIM (ha30BbIM AHAarpaMMamM
NoJI0OpaHbl  ONTUMAJbHBIE TEXHOJOTMYECKHE PEeXUMBI, CHHTE3MpPOBaHA
BBICOKOYMCTAsl IIMXTa TUAPOXUMHUYECKUM METOAOM MU MeroAaoM bpumxmena
OBLIIM BBIpAIlIEHbl MOHOKPHUCTAIUIBI cocTaBoB 3, 8 u 13 moin. % Agl B AgBr, 3 u
6 mon. % Agl B AgCl, 15, 28, 42 u 92 mon. % AgBro7loz B AgCL, 4, 8, 13, 16 u
20 % Agl B AgClo2sBrozs, a MerogoM HampaBiIeHHOW KPHUCTAILTU3AINH
CUHTE3UpOBaHa ONTUYECKas KepamuKka cocTaBoB 25 mon. % Agl B AgBr, 70 u
86 momn. % AgBrozlos B AgCl, 20 u 33 mon. % Agl B AgClo2sBro7s. [lannsie
ONTUYECKHE MaTepuajibl UMEIOT TUala3oH Mporyckanus B obmactu ot 0,4 10
60,0 mxm u 6osee (30,0-5,0 TI'm) 6e3 OKOH TOTJIOMICHUS C MaKCUMaJbHOMU
npo3payHocThio 75—85 % u B quanaszone ot 300,0 mo 1000,0 mxm u 6osee (0,3—
1,0 TT'u) c mnpo3pauHoctbio a0 60-65 %. Ilokazatenu mnpenomieHUs B
nuanas3one mivH BoiH oT 3,0 go 14,0 mxMm Bapeupytotcs ot 2,020 mo 2,208.
[TonTBeprkaeHa ux BoicOKas (POTO- U pagUaIllMOHHAS] YCTOMYHBOCTb.

Takum oOpa3om, pa3paboTaHHBIE HOBBIE OINTHYECKUE MaTepUATIbI
SBJISIIOTCSL TIEPCIIEKTUBHBIMM JUJISl CO3/JaHUSI HAa HMX OCHOBE ONTHUYECKOIO
000pyI0BaHMS, B TOM YUCIIE JIJISI METUITAHBI.

PaGota BrimonHeHa ipu PUHAHCOBOM MOACP)KKE MUHUCTEPCTBA HAYKH U
BbICcIIEro 0Opa3oBanusi Poccuiickoit ®enepaunu, ['ocy1apcTBEHHBIN KOHTPAKT
Ne FEUZ-2023-0021 (N687.42B.325/23)

1. L. Zhukova, D. Shatunova, D. Salimgareev, et al., Journal of Crystal
Growth. 627, 127528 (2024).
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NCCIIEAOBAHUE PACTBOPUMOCTHU XEJIE3A
B HECTEXMOMETPUYECKOM ZnS JIJI1 COBEPILIEHCTBOBAHUA
MATEPUAJIOB DJIEKTPOHUKHU 1 ®OTOHUKHU

K.I'. Kum, K.A. IToranosa, E.H. Bopouuna, C.C. 3eikoBa, E.H. MoxeBuTuHa,
N.X. ABeTucosn
Poccutickuii xumuxo-mexnonocuueckuil ynusepcumem um. /{.1U. Menoeneesa,

Mockea
E-mail: karina.kim.2002@inbox.ru

Cynbdua 1nuHKa SBISAETCS MIMPOKOTOIOCHBIM TOTYIPOBOAHHUKOM TPYIIIHI
A!'BV!, Jlannblil MaTepuan MCIOIB3yeTCs IS M3TOTOBIEHHUS SIEKTPOHHO-ITYYEBhIX
TPYOOK, SMUCCHOHHBIX JTUCIUICEB, CIMHTWLIATOPOB [1], a Takke mpuMEHSCTCS B
ONTUKE ]ISl CO3JIaHWUSI MHOTOCIIOMHBIX IMOKPBITUH Pa3IMYHOrO HasHadeHus [2].
Brenenue nonos Fe B cTpykTypy ZnS 1no3BoJjisieT npeoOpa3oBbIBaTh CIIEKTPATIbHBIIN
nuamna3on wmanydeHus ZnS:Fe B MK o6nacTe M 1aeT BO3MOXKHOCTH CO37aBaTh
IIMPOKHUE TOJIOCHI MOTJIOIICHUS U dMuccui [3].

Ucxonnbiit kpuctamummueckuit ZnS, npegocrasieHHslii UXBB um. I T.
Hessteix PAH, 6p1 monmyuen CVD-meronoM M MMen KyOMUYECKYIO CTPYKTYpY
chanepura (F43m). ZnS npensapuaTelbHO M3MEIBYAIN B araTOBOM CTYIIKE IO
arMocdepoit aproHa. XuMHUUecKadsi YUCTOTa Tpernapara ZnS Oblla HE XyXKe, YeM
99,999 mac.%, 06e3 yuera TrazooOpaszyromux mnpumeceit. [Ipemapar cynbduna
xkene3a (FeS) 3apanee ObUI CHHTE3MPOBAH II0 METOAWKE, ONHWCAaHHOHW B [4].
HccnenoBanusi pacTBOpUMOCTH F€ B ZNS mpoBOIWIM B YCIOBUSAX OMBapHUAHTHOTO
paBHOBecusa. OTXHUIM TPOBOAMIM B KBapLEBBIX aMmImylax, I[PEABAPUTEIBHO
BaKyyMHMPOBAHHBIX JIO JABIEHHS OCTaTOYHBIX Ta30B He Xyxke 107 [Ta u repmeTHuHO
3anasgHHbIX. CHHTE3 HECTEXHOMETPUUECKUX [MpenaparoB IMPOBOJWIM  IPH
temnepatype 1323 K, mocne dero amiryssl cOpachiBaid B XOJIOAHYIO BOIY. AHAIHU3
pactBopeHHoro xkene3a npoBonwin  meronoM MC-UCIL.  Konnenrtpamuu
PacTBOPEHHOTO JKeJIe3a B Mpenaparax cyib(puaa IUHKa npuBeaeHs! B Tadbmune 1.

Tabnuna 1 — Pe3ynpTaThl onpenenenus pactBopumoctu Fe B ZnS

T ZnS, K T FeS, K XEZCTBMaC. %
1323 1005 2,4x1073
1323 1256 2,6x1073

1. J. P. Borah, J. Barman, K. C. Sarma. Chalcogenide Lett. 5, 201-208, Ne. 9
(2008).

2. C. K. Ilux. Pa3paboTka TEXHOJOTUU CO3JaHUS 3AIUTHOTO MOKPHITUS HA
OCHOBE CyJib(puaa [UHKA JIJIs ToJorpaduieckux n3oodpaxenuit (2012).

3. KIE. ®enoposuu, K.M. CepreeBuy. AnbTepHaTHBHAs SHEpPreTUKa M
skosorus, 10-11 ,150-166 (2015).

4. K.A. Iloranosa, 3.A. bananauna, M.I1. 3bikoBa, u 1p., Ycnexu B XUMUU U
XMUMHAYECKOM TexHomoruu. 7 256 (2022).
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HOBBIE OIITUYECKUE MATEPUAJIbBI HA OCHOBE TBEPJbBIX
PACTBOPOB CUCTEMBI TIBro 6l0,54 — AgCI

B.M. Konapamuu
Ypanvckuii ghedepanvruiii ynusepcumem
um. nepsozo Ilpezuoenma Poccuu b.H. Envyuna, Examepunoype
E-mail: l.v.zhukova@urfu.ru

N3BectHbl nonukpuctamnueckue MK-cBETOBOABI, M3rOTOBIEHHBIE U3
MoHokpuctaiuioB KPC-5 (TBEpapie pacTBopsl ranorennnoB taiutus T1Brg46lo54),
npo3paudsl B auarnaso”e ot 0,5 mo 45 mxm [1]. OnHako OHM HE MOJYyYWIH
IMIMPOKOTO  pPaclIpOCTpaHEHUs U3-3a OBICTPOM Jerpajaluu, BbI3BAHHOU
pekpucTamm3anuen 3épeH. 1103ToMy NOMCK HOBBIX MAaTEpHUAJIOB MMPO3PAYHBIX B
IIMPOKOM CIIEKTPAJIBHOM JIMANA30HE U YCTOMYMBBIX MO IEUCTBUEM U3ITyUEHUN
U HEepa3pylLIalollUXCsi CO BpPEMEHEM SBIIAETCS aAKTyaJlbHOW 3ajadyeil Ha
CErOJIHSIIHUMI JEHb.

KonnexktuBom HayuHOU sabopaTtopun «BOJIOKOHHBIX TEXHOJIOTUH U
doronukn» Yp®dY B NpOJOKEHUH HCCIENOBAHUN MaTepuaJoB HA OCHOBE
raJIOTeHUI0B cepebpa W Taymusi [2], mocTpoeHa M ucciaeAoBaHa (Qa3zoBas
AuarpaMma IJIaBKOCTH TBEPIBIX pacTBOpoB cuctembl T1Brosslosa — AQCI,
IpeACTaBICHHAsA Ha pUCYHKE 1.
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Puc. 1. — ®azoBas muarpamma cucremsl T1Br0,4610,54 — AgCl.

Bripamensl MoHOKpucTabel, coctaBoB 90, 95, 98 mon. % AgCl B
TIBro.4elos4, cHHTE3MpPOBaHA ONTHYECKAsI KEpaMHKa, COCTaBOB 6, 18 n 98 moi. %
AgCl B TIBrg46lo54. Beipaiiiensl HOBble MOHOKPUCTAIUIBI M KEPAMUKA CHUCTEMBI
TIBrosslosa — AgCl mpo3paunsie 10 80% ©0€3 OKOH TMOTJIOMICHUS, B
crieKTpaibHOM auanaszoHne ot 4,0 1o 55,0 MxMm.

1. T. Kanysima, X. Mamymypa, Ma(]pakpacHbie BOTOKOHHBIE CBETOBOJIBI /
T. Kanysama, X. Manymypa ; nep. ¢ anrn. B. I'. [InotHuuenko. — Mocksa :

Mup, 1992. — 272 c.
2. D. Salimgareev, A. Yuzhakova, A. Lvov et al. Optical materials

(Amsterdam)1 September 2022 Materials Science, Physics. 131 ,1 (2022).
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JIIOMUHECHEHTHBIE I'MbPUIHBIE MATEPUAJIBI B CUCTEME
OTOPUIA CBUHIA C 8-OKCUXHMNHOJIATOM HMHKA,
[NOJIVUEHHBIE METOJOM COOCAXJIEHMA

I1.B. Crpekanos, E.B. Msrkosa, K.I1. Pyauna, O.b. Ilerposa
Poccutickuii xumuxo-mexnonoeuweckuil ynusepcumem um. /.M. Menoeneesa,
Mockea
E-mail: strekalov_pavel@mail.ru

I'mbpunnusie matepuanbl (I'M) o06namaroT 3HAYUTENBHBIMM TIEpCIEK-
TUBAMHU, TIOCKOJBKY CIOCOOHBI codYeTaTb B ce0e pa3jJuyHble CBOWCTBA
OpraHUYeCKUX M HEOPTraHWYECKUX KOMIIOHEHTOB JJIA CO3/IaHUS MAaTepUaiOB C
YHUKAJIbHBIMM  (YHKIIMOHAIBHBIMA CBOWCTBAMH. B Hamux NpeablIyIIuX
paboTax Mbl YCICIIHO CHHTE3UPOBAIM THOPHIHBIC MaTepraibl Ha ocHoBe PhF,-
coAepKalMx MaTpUll METOJOM coocaxaeHus [l] ¢ wucnosb3oBaHueM 8-
okcuxuHojsata yutus (Lig). DTu maTepuasbl MPOASMOHCTPUPOBAIN BBICOKYIO
3 PEKTUBHOCTH JIIOMUHECIICHIIUN B COYETAHUH C KOPOTKOBOJIHOBBIM CIIEKTPOM,
YTO yKa3bIBa€T HA MX MOTESHIHNA JIJIs OYAYIIUX TPUMEHCHHM.

[Tpu npuroroBnenuu I'M Ha ocHOBe ¢TOpHIa CBUHIIA HA TIEPBOW CTaAUU
CHUHTE3a CMEIIUBAJIM HCXOJHBIA BOJHBIA PacTBOpP HUTpaTa CBHHIIA U PACTBOP
ouc-(8-okcuxunonara) IuHKa ZNQ2 B 23TaHosie. KoHIEHTpamus pacTtBopa
autpata ceutia PB(NO3), coctaBnsia Cmi = 1,43 M u Crz = 0,8 M. Ha Bropoii
CTaJIMM CUHTE3a MPOBOAMIN OCAXKICHUE KOHEYHOTO IMPOJYKTa, IIe B KauecTBE
(dTopupyIOIIEro areHTa UCHOJIb30BaIM BOJHBIN pacTBOp Gropuaa aMMoHus. B
pe3ynbTaTe COOCAXKIEHUS OBUIM TMOJY4YeHbl MOPOIIKH, KPUCTAILUTMYECKas
CTPYKTypa KOTOPBIX COOTBETCTBOBasa 0-POF; u HeOombIMM BKIIOUCHHUSIM (HE
oonee 2 00. %) B-PbF,, He3aBUCHMO OT yCIIOBHI CHHTE3A.

CpaBHeHHE HOPMHPOBAHHBIX CHEKTpoB (poromoMmuHecteHuuu (OJI) I'M
M MCXOJHOTO MOPOLIKOBOIO MpemnapaTta ZNn( Mokas3auo, 4To IIHPOKas IoJoca
(400-700 HM) JTIOMHHECLIEHIIMH 3aMETHO CMEIIEHA B CTOPOHY 0o0Jiee KOPOTKHX
JUTAH BOJTH (Amax=485-490 HM) 110 CpaBHEHHIO ¢ UCXOAHBIM ZN(2 (Amax=505 HM),
a mpu OOpPaTHOM COOCAXICHUM TMOSBISAETCS emie 0ojiee KOPOTKOBOJIHOBAS
KOMITOHEHTA (Amax=420-440 ©M). OnTuyeckue LEHTPHI € Amax=485-490 HM
MOTYT OBITh CBsI3aHBI KaK C 3axBaToOM MOJEKyd ZNQJ2 B Pa3TUYHBIX
MOJIMMOPGHBIX MOAU(DUKAIMAX, TAK U ¢ OOMEHHOHN peakiuei ¢ oOpa3oBaHUEM
Pbqg, uwmu [PbgF]., umeromux makcumyMm Ha 500 HM. A 171 KOPOTKOBOJTHOBOM
KOMIIOHEHTBI ¢ Amax=420-440 HM MOXHO TIPEANOJOXUTh BBEACHHUE B
OCEH30JIbHOE KOJBII0 OKCUXHUHOJIMHA 3JIEKTPOHOAKIENTOPHBIX TPYIII, TAKUX KakK
¢dTOp, YTO MOXKET MPUBOJAUTH K CHHEMY CABUTY JJIMHBI BOJHBI JTFOMUHECIICHITUU
MOJTy4aeMbIX THOPUIHBIX MaTepHaioB [2].

1. II.B. CtpekanoB, M.H. Maskosa, K.M. Pynuna, u nap. lIBerHble
metainiel, 10, 25-31 (2021).

2. Y.-W. Shi, M.-M. Shi, J.-C. Huang, et al., Chemical Communications,
18, 1941-1943, (2006).
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BJIIMAHUE HAHO- 1 ®EMTOCEKYHIHOI'O ObJIYUYHEHUA
HA JIIOMUHECHEHTHBIE CBOUCTBA HAHOKPUCTAJIJIOB CSPBI;
B BOPOI'EPMAHATHOM CTEKIJIE

A.H. ba6kuna, A.JI. Jlocun, P.JI. Xapucona, K.C. 3bipsinoBa, B.A. Acees,
A.Jl. Jonronosos, M.M. Ceprees
Vuusepcumem UTMO, Cankm-Ilemepbype
E-mail: babkina.anastasya@bk.ru

B pabore mnoka3zaHa Ja3epHO-MHAYLHMPOBAHHAs HYKJEalMs HaHO-
KPUCTAJUIOB TEpOBCKUTOB coctaBa CSPDl3 B maTpuiie OoporepmMaHaTHOTO
CTEeKJIa HaHO- U (DEeMTOCEKYHIHBIM JIA3€PHBIM HU3JIydeHHeM. B kauecTBo o0ObeKkTa
UCCIIe/IOBaHUs OBUIO B3ATO OOporepMaHaTHOE CTEKJIO coctaBa 6,67 ZnO —
5,81 Na,O — 31,3 B,O3— 50,53 GeO; mon. % ¢ moO0aBkamMu, HEOOXOAUMBIMU 1T
BbIieNieHUs1 HaHOKpucTamumdyeckod ¢aspl: CsCO3z, PbO u KI. Hcrounuxkom
dbemrocekyHaHoro mznydenus Owi1 nazepHbid ucTouHUK ANTAUS (AVESTA,
A = 1030 uM, 1UTENBHOCTH UMITYJIbCA 224 (e, yacToTa CaeAOBaHUS UMITYJIbCOB
50 kI'u, sHeprust umnyssca 2,57 MkJX, KOJTUYECTBO UMITYJILCOB B 00TyyaeMoOi
obnactu ot 500 no 500 000). McToUHMKOM HAHOCEKYHIHOTO M3ITy4eHUS ObLI
Nd:YAG-nazep LQ 529B (532,8 um, mmutenbHocTh umnyibca 10 ve, 10 I'm,
190 wm/lx) (Solar Laser Systems). HMcxomnoe crexino He o001anano
JIOMUHECIICHIIMEH, HO TOCJE JIA3epHOTO 00JIydeHHs] B 00JACTAX BO3JEHCTBUS
OblJIa 3aperucTpupoBaHa JIIOMUHECIEHIIMS B KpacHoW obnactu. Ha puc. 1
NPEJICTABIIEHbl CIEKTPhl JIOMUHECIICHIIMM, TOTYYEHHBIE IIOCJE JIAa3epPHOTO
BO3JICUCTBUSA (DEMTOCEKYHIHOM (a) W HaHOCEKyHAHOW (0) mmuTenpbHOCTH. B
OTJIMYHE OT TPEACTABICHHBIX paHee pador [1,2], Tae I ToOJydeHUs
JIOMUHECHICHIIMM  HAHOKPUCTAJJIOB TMEPOBCKUTOB, BBIJIIEJIEHHBIX B  XOJ€
JA3epHOT0 BO3JEUCTBHs, ObLIa HEOOXOAUMa JOMOJIHUTEIbHAS TepMUYecKas
00paboTKa, B HAIlIEM ClTyyae OHa He TpeOOoBaIaCh.
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Puc. 1. Ciektpsl JitoMuHECIICHIIMN HaHOKpHUCTauioB CsPbls B OoporepmaHaTHOM cTeKIie,
MOJTYYEHHBIX TTOCIIE BO3JCUCTBHS Pa3HOHN JUTUTEIBHOCTH (PEMTOCEKYHIHOTO Jla3epa
¢ Ep=2,57 mxJlx (a), mocne Bo3AeCTBUS HAHOCEKYHIHOTO Ja3epa (0).
CuHTe3 HCCIeayeMbIX MaTepHalioB OB BBHITIOIHEH TIpH noaaepxkke PHD

(mpoekT Ne 24-72-10103).

1. K. Sun, D. Tan, X. Fang, u ap., Science. 375, 310 (2022).
2.Y.Teng, J. Zhou, G. Lin, u ap., Int. J. Optomech. 6(2), 179 (2012).
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VCCJIEJIOBAHME BJIMSIHUS A30TA U BUCMYTA HA CBOVICTBA
PA3EABJIEHHOI'O MATHUTHOTI'O TIOJIYIIPOBOJHMKA GaMnAs

H.A. 3nopogeiinies, FO.A. Jlanunos, E. 1. Mansiies
Huoicecopoockuii cocyoapcmeennniii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
E-mail: danielzdoroveishev@yandex.ru

B HacTtosiiiee Bpemsi BeIyTCsi IOUCKUA CITOCOOOB MOJU(PUKAIIMN CBOMCTB
apceHuJa rajuiis, KOTOphle CMOIIM Obl PACHIMPUTH KPYT €ro MpUMEHEHUU B
o0JlacT HAHOPJEKTPOHUKU. OJHUM M3 TAaKUX CHOCOOOB MOXET BBICTYIATh
JIETUPOBAHUE W30BAJICHTHBIMU MBIIIBSIKY MPUMECSIMU, HANPUMEP, BUCMYTOM
uiM  a3oroM. BaeaeHue Bucmyta winm azora B (GaAs TOpUBOIHUT K
CYIIECTBEHHOMY W3MEHEHHUIO €ro CBOMCTB. Tak, cooOmiaercs 00 yMEHBIICHUU
IIUPUHBI  3alpenieHHOW 30HBI TPU BBEJACHUU HEOOJBIINX KOHIICHTpaIU
BucMmyTa [1]. AHajoruuHoe siBieHUWE HaAOIIOJAaeTCS W TNPHU BBEJACHUU a30Ta,
KOT/la TOJIy4YaloTCsl TaK Has3blBaeMble «pa3z0aBiieHHbIe» HHUTpuibl [2]. Taxke
U3BECTHO O BIMSHUM OTUX HW30BAJICHTHBIX TMpPHUMECEd Ha CBOMCTBA
pa30aBIeHHOTO MarHuTHOro nmnoaynpoBognuka GaMnAs — oxHoro u3
HEPCIEKTHBHBIX MATEPHUAJIOB MOy TPOBOHUKOBON CIMHTPOHUKH [3-4].

B nannoli pabote wuccneayemble CTPYKTYPhl MONYYaduCh C HCIOJIb-
30BaHMEM [IBYX METOJUK: HMITYyJIbCHBIM Ja3epHbiM HaHeceHuem (MJIH) B
BakyyMe GopMHUpoBaiInch CTpykTypsl GaMnAS, a takxxe GaMnAs:Bi. O6pasib
GaMnAs:N Obuti mosy4eHbl KOMOMHUPOBAHHBIM METOJIOM, MPEACTABIISIIOIIIM
coboii MJIH ¢ mocnenyromei MOHHOW MMILJIaHTAllUEeH a30Ta ¢ SHEpruell MOHOB
10 3B u BappupyembiMu n03amu oOmydenus. Jlyis yctpaHeHus ae(eKToB u
ANEKTPUUYECKONW aKTUBAlMM MapraHiia CTPYKTYpbl MOABEPrallCh UMITYJIbCHOMY
nazepaoMmy omxkury (MJIO) mmmynscom skcumepHoro KrF mazepa ¢ Bapbu-
PYEMOil IIIOTHOCTBIO HEPTUU B UMITyJibce. Ha moilydeHHBIX CTPYKTypax HUcclie-
JOBAIUCh MAarHUTOIOJEBbIE 3aBUCUMOCTH d3(dekra Xoima W MarHero-
conpotusienus (MC) B remnepatypHom nuanazone 7 — 300 K.

B pabore mokaszano, uro coeamnenus GaMnAs:Bi u GaMnAs:N
ABIAIOTCS (DEPPOMATHUTHBIMHU, TIPUYEM JJisi JTAHHBIX CTPYKTYp TeMIlepaTypa
Kropu HecKoIbKO OHMKAETCS 10 CPAaBHEHUIO C UCXOAHBIMU cinosimu GaMnAS.
BBenenve BucMyTa OPUBOAUT K HW3MEHEHHIO MAarHUTHOM aHU30TPONHUHU B
GaMnAs, yBenuuuBaeTcs KodpuuTHBHOEe mose U MC, 49ro corjacyercs ¢
nanabiMu|3]. s cioeB GaMnAS:N HaGmromaercst yBeaTndeHHE KOIPIIUTHBHOTO
TOJISI, YTO MOXKET OBITh CBSI3aHO C MPUCYTCTBUEM OCTATOYHBIX JAC(PEKTOB IMOCIHE
MOHHOM WMIUIAHTAllMM, a Takke ¢ HW30BITOYHOM KOHIICHTpAIlUeH a3oTa,
aQHAJIOTUYHO OMIMCAaHHOMY B [4].

PaGoTta BpIONHEHa B paMKax TOCYJAapCTBEHHOTO 3agaHus (MIPOEKT
FSWR-2023-0037).

1. A.R. Mohmad et al. Phys. Status Solidi B 251(6), 1276(2014).

2. L. Bellaiche, S.-H. Wei, A. Zunger, Appl. Phys. Lett.70(26), 3558 (1997)

3. T. Andrearczyk et al., Materials. 13(23), 5507(2020).

4. T. Manago, H. Akinaga, Jap. J. Appl. Phys. 47(8), 6297 (2008).
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XUMHWNYECKHI COCTAB U DJIEKTPUYECKUE CBOMCTBA CUCTEM
HA OCHOBE SiFe

A.C. llixanuna, P.H. Kprokos, F0.A. [lynun, M.B. Jlopoxun, C.1O. 3y0OkoB,
A.B. 3nopoBeiiiies
Huoicecopoockuii cocyoapcmeennwiii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
E-mail: alenashkapina@yandex.ru

Pa3BuBaromumMcsi HampaBlICHUEM COBPEMEHHOW HAyKd SIBISIETCA pasp-
a00TKa W UCCIEJOBAaHUE TEPMOAJICKTPUUECKUX TMpeodpa3zoBaresield TEIIOBON
sHepruu. B HacTosiee Bpemsi BeAyTCsl MOUCKH MaTEPHAIOB, UCIOJIb30BAHUE
KOTOPBIX TMO3BOJIUIIO Obl MOBBICUTH 3 PekTuBHOCTH ux padotsl. KIIJ moxer
OBITH YBEJIMYEH, HAMPUMED, 32 CYET MHOTO(a3HOCTH CUCTEMBI. J|OMOJHUTETHEHO
UMEIOTCSl pa0OThI, TOKA3bIBAIOIINE BIUSHUE HECTEXHOMETPUUHOCTH Ha paboune
XapakTepucTuku cucteM [1]. Jlyist pemieHust 5TUX 3aayd MOAXOAUT HMCMOJb-
30BaHUE CUJIUIMIOB MEPEXOIHBIX METAJIIOB.

Uccnenyembie o0Opasibl CWIMIKIOB JKejie3a ObLIM TOJIyYEHBI METOJIOM
MOHHOM umIantanuu Ha komiuiekce PAJIYT' A-3M. Yckopsitoiiee HanpsiKEeHNUe
cocraBisuio 80 kB. Koneunas no3a monos gocturana 5-10%¢ cm?. Jlanee cepus
oOpa3lioB mojBeprainack ObicTpomy Tepmuueckomy orxury (BTO) mnpu
temnepatype 1000 °C gnurensHOCcThIO OT 15 ¢ 1o 900 c. [dns uccienoBaHus
XUMHYECKOTO cocTaBa M M3ydeHHs 3¢(HEeKTUBHOCTH oOpa3oBaHus cBsizeit Si-Fe
UCIIOJIb30BAJICS METOJI PEHTTEHOBCKOW (DOTOINEKTPOHHON CHEKTPOCKOIHH.
JIOTIOMHUTENBHO [JIsi ONpEAENICHHUs] TEIIONPOBOJIHOCTU CTPYKTYD, BIUSIOLIEH
Ha JT0OPOTHOCTD MOTYUYEHHBIX CUCTEM, UCIIOJIB30BANICS 3M-METO/I.

Ucnonb3ys npodunupoBanue CTpyKTyp Mo riyOWHE HETOCPEICTBEHHO B
CIIeKTpoMeTpe, 3apeructpupoBana auddysus xene3a BrIyObr obOpaszma. C
YBEJIMUEHUEM [ITUTEIIBHOCTH OTXKWTa KOJIMYECTBO aromMoB Fe, BXomsmmx B
XUMHUYECKYI0 CBA3b Fe-Si  yMeHbIaeTcs, 4YTO, BEpPOSTHO, CBSI3aHO C
peKpHUCTaUIM3alMEd KPEMHUEBOM MaTpullbl. JlaHHBIE pe3yJbTaThl MO3BOJISIOT
OLICHUTDH JUIUTEIBHOCTh OTKHUTa, ONTUMAJIBHYIO I POPMHUPOBAHUS CTPYKTYP C
HamOonpImMM ymcioM cBsizeir Si-Fe, xotopoe cocraBmser 60 c. Ilo mepe
yBenudenust jumutenbHocTH BbTO, TermmonpoBOgHOCTh CHUXKAETCS, YTO MOXKET
OBITH O0YCIIOBIIEHO 00Pa30BaHUEM METAILI-CHUIIUIIMIHBIX KOMIUIEKCOB, KOTOPHIC
B CBOIO odepens OJIOKUPYIOT (OHOHHBIE MOBI, Tepenammue Termio [2].
Janubiii ¢akT MOXKET OBITh HCIHOJIB30BaH JUISI YBEIWYEHUS TOOPOTHOCTU
CTPYKTYP, 0OpaTHO POMOPIIMOHATHEHON TETUIOMPOBOIHOCTH.

PaGora Oblna BBITIONHEHA MPU MOJACPKKE MHUHUCTEPCTBA HAYKH W
BhIciiero oopasosanust P® (roczaganne FSWR-2023-0052).

1. Yu Jian et al., Journal of Materials Science: Materials in Electronics,
31, 2139 (2020).

2. D.M. Rowe, Thermoelectrics Handbook. Macro to Nano. — NY: CRC
Press, 2006.
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CIIEKTPAJIBHO-JTIOMHMHECLIEHTHBLIE CBOMCTBA
Nd-COAEPXAIINX OKCUDTOPUAHBIX CTEKOJI

B.B. Kosrap!?, M.3. 3uarnunosa®, JI.C. Ilnexosa?
Ynemumym ¢usuxu um. B.U. Cmenanosa HAH Benapycu, Munck
2Benopycckuii 2ocydapcmeennblil ynusepcumem, Munck
3Poccutickuil XumMuKko-mexnono2uueckutl YHueepCumen
um. J[.U. Menoeneesa, Mockea
E-mail: v.kouhar@ifanbel.bas-net.by

Crékna, aKTUBHPOBAHHBIE PEAKO3EMENBHBIMH  HWOHAMH, IIHPOKO
UCTIONB3YIOTCS B JTA3ePHOW TEXHUKE, MHTETPAIBHON M BOJOKOHHOMW omTHKe [1].
OpnHako, OJTHUM M3 HWCTOYHHMKOB TYIIEHUS JIFOMHUHECIICHIIMM TaKUX HOHOB B
OKCUJHBIX MaTpUlaX sBJSAIOTCS rpymnmbl ruapokcusa (OH™). B pabore [2] 6bu10
MOKa3aHO, YTO JJI1 YMCHBIICHUS KOHIICHTPAIIMM YKa3aHHBIX TPYII BO BCEM
o0bemMe o0paslia TPUMEHUTENBHO K HTTPUK-aTIOMOOOPATHBIM  CTEKJIaM
JA0CTaTOYHO OapOOTHpOBaHMS WX paciulaBa CyXUM KHCIOpojgoM. Takas
0o0paboTka He OKa3piBaeT BIMSHHUA Ha S()(PEKTHBHOCTH BHYTPHIICHTPOBOTO
TYIICHUS JFOMUHECIICHIINM, TaK KaK HE MPUBOJUT K W3MCHCHHUIO CTPYKTYPBI
muranga. Kpome Toro, XaHTHTOMOJOOHBIE CTEKJIa XapaKTepU3YIOTCS PEKOPIHO
OOJBIIMM MUHUMAJIBFHO BO3MOXKHBIM paccTosinieM Mexay Ln—Ln = 0,67 um [3],
CJIeIOBATEIbHO, W TOHIKEHHOW 3(PQPEKTUBHOCTHIO Kpocc-penakcaruu. Llensb
paboThl — pa3pabotka HOBBIX Nd-comepxamux OKCUGTOPUIHBIX HTTPHUIi-
aIMrOMOOOPATHBIX CTEKOJI C TOHMKEHHBIM cojiepkanueM OH—rpym.

[lokazano, uro ¢QTopupoBaHHEe UTTPUI-ATIOMOOOPATHBIX CTEKON C
COCTaBOM BOJIU3M CTEXHOMETPUU XAHTUTA, JIETUPOBAHHBIX HEOJHUMOM,
PUBOJMT K YBEJIHYECHHIO KOd()(PUIMEHTa YAEIbHOTO Moromenus nonos Nd3*,
Jlnst ctexon ¢ koHueHTpanueit okcuaa neoguma (I11) 0,1 mon. % (o cunTe3y) B
criekTpaiibHOM oOmactu oT 780 mo 950 HM HabmromaeTcs, MO CPaBHEHHUIO C
He(TOPUPOBAHHBIMHU OO0pa3llaMu, YBEIMYECHHE HHTETPAIbHOW WHTEHCHUBHOCTHU
momuHectiennn Ha 25-30 % mpu Bcex AJIMHAX BOJH BO30YXKIEHUSA, a TPH
koHIeHTpauu 5,0 mon. % — ee ymensienue Ha 10-20 %. YkazanHoe ycu-
JIeHUe TYIIEHHsl JTIOMHUHECHEHIMH HOHOB Nd*' cBuIeTeNbCTBYeT B IONB3Y
YMEHBIIICHUS MHHHMAJIBHOTO PACCTOSHUS MEXKJy HWOHAMH aKTUBAaTopa B
CUHTE3WPOBAaHHOM cTekyie. HMHTEpecHO, 4YTO MNpU HU3KOW KOHIICHTpAIlUU
HeoanMa OblIa 3aperucTpUpoBaHa IMUPOKas T0JIoca JIIOMHHECIICHITUN C
MakcuMymMoM ~ 450 HM, KOTOpasi MpOSIBISETCS, KaK TMPaBUJIO, TOJIBKO B
KpUCTaJIaX.

[TomoOpanHbl pexXuM U yCIOBUS JNOMOJHUTENBHON TepMooOpaboTku Nd-
coJiep KaImnux OKCU(TOPHUIHBIX HTTPUN-ATIOMOOOPATHBIX CTEKOJ, YTO TMO3BOJISACT
B 3 pa3a yMEHBIIUTH MOTJIONIEHUE B 00JIaCTH OCHOBHBIX Kojebanuit OH -rpymm,
a TaKkKe TOBBICUTh WHTEHCHBHOCTH  JIIOMHHECIEHIIMM B  TOJOCaX
Hoi2+*Fsi2 — *lor2 1 *Faj2 — *loj2 moros Nd*.

1. C.N. Santos et al., J. Appl. Phys., 106, 023512-1-6 (2009).

2. G.E. Malashkevich et al., Opt. Mat, 76, 253-259 (2018).

3. G.E. Malashkevich et al., Mat. Chem. and Phys., 137, 48-54 (2012).
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ONPEAEJIEHUE YNCJIA MUKPOTBEPAOCTHU OIITUYECKUX
MATEPHUAJIOB CUCTEMbI AGCL-KPC-5

E. 10. Kabeikuna, I1. B. [lectepena, JI. B. XKykoBa
Ypanvckuii ghedepanvhuiii ynusepcumem
um. nepsozo Ilpezudoenma Poccuu b. H. Envyuna, Examepunbype
E-mail: e.iu.kabykina@urfu.ru

OrnpeneneHne MUKPOTBEPJOCTH SIBIISIETCS OJHUM W3 OCHOBHBIX IIIaroB B
U3MEPEHUN MEXaHUYECKUX CBOMCTB HOBBIX MarepuaioB. B naHHoW pabote
MpPEACTaBIEHbl Pe3yJIbTaThl HCCIEAOBaHUS HHPPAKPACHBIX MaTEpHalOB Ha
OCHOBe ramoreHuoB cepeOpa u Tamwms cuctembl  AGCI-TIBrg a6lo54.
OnTryeckue MaTepualbl B OCHOBE KOTOPBIX COJIEpIKATCS TaJIoreHU b cepedpa u
TauUsl  00JIAIAI0T HIMPOKUM JIMANa30HOM MPOIMYCKaHMS, T[JIACTUYHOCTBIO,
HETUTPOCKONMMYHOCTHIO, a TAK)KE BBICOKOU (DOTO- U PaHAIMOHHON CTOHKOCTHIO
[1]. Ha ux ocHOBe TmOJy4alrOT JIMH3bI, OKHA, CBETOBOJbI, paboTaroliue B
UH(paKpacHOM JIMAIMa30He.

Jlns muccnenoBaHusT MUKPOTBEPAOCTH MOHOKPHCTAIJIOB W ONTHYECKOU
kepamuku cucteMbl AQCI-TIBroslos4 0611 Micionb3oBan Meton Bukkepca [2].
JIaHHBIN METOJ M3MEPEHUS MPOCTOM M YHHBEpcaibHbIl. ¥YcTraHoBKa [IMT-3M,
Ha KOTOPOI MPOBOJMIIOCH MCCIIEIOBaHUE, Obljla OTKAIIMOPOBAaHA OMpeiesieHueM
guciaa TBEPAOCTH Kpuctauia mnoBapeHHOW conu (NaCl) B COOTBETCTBUH C
CIpaBOYHBIMU  JaHHBIMHU. VccriemoBanue mpoBOAMIOCH Ha — oOpaslax
MoOHOKpHcTauIoB coctaBa 80, 90, 95, 98 mac. % AQCl B TIBrossloss u
onthueckoi kepamuku 3, 6, 9 mac. % AQCl B TIBrossloss. M3mepenue
MUKPOTBEPIOCTH MPOUCXOJUIO MyTEM BAABIMBAHUS aIMa3HOW MUPAMHUABI C
yIJIOM TIpu BepiuHe 136° B uccieayemblii Matepuan noj Harpyskoi 0.98 H ¢
BeIIepKKON 15 c. I'myOuHa BOaBIMBaHUSA WHIEHTOpA TMIPU OIpeAeNIeHUU
MUKPOTBEPJIOCTH HCCJIEAYEMbIX MOHOKPHCTAJIIOB M KEPAMHKH COCTaBJISIET
HECKOJIbKO MMKpPOMETpOB Impu Harpy3ke B 100 1, mosToMy wu3MepeHue
TBEPJOCTH MATEPHAIIOB IIPOU3BOIUTCA B I'C/MKM?,

B pe3ynbrare uzMepeHus: MUKPOTBEPIOCTH ObliIa BBISIBICHA 3aBUCUMOCTD
3HAYCeHUH 4Ymciaa TBepJaocTd oT coctaBa. C yBenmyenuem conepkanus AQCI
YUCJIO TBEPAOCTH ymeHbluaercs ot 53,2 no 13,2 nnsa cocraBoB 3 u 98 mac. %
AQCIl B TIBrossloss coorBercTBeHHO. Koadduiment Bapuanuu (MOrpeniHOCTh
U3MEPEHUs) MJIsI MOHOKPUCTAIIOB cocTaBisieT A0 5 %, a Al ONTUYECKOU
kepamuku 710 10 %.

1. L. Zhukova, D. Shatunova, D. Salimgareev, et al., Journal of Crystal

Growth. 627, 127528 (2024).
2. A. A. TemioyxoB, Hzmepenue muxpomeepoocmu nOEePXHOCMHBIX
cnoes mamepuanos: memod. ykazanus, Omck: U3n-so OMI'TY, 2017.
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MOJEJIMPOBAHME 1 N3T'OTOBJIEHME OJIHOCJIOMHBIX BOJIOKOH

IL.B. Ilecrepena, /./1. Canumrapees, C.E. bapeikuna, JI.B. JKykosa
Ypanvckuii ghedepanvruiii ynusepcumem
um. nepgozo Ilpezuoenma Poccuu b.H. Envyuna, Examepunbype
E-mail: l.v.zhukova@urfu.ru

Pazpabotka u M3roTroBieHUE WH(pPaKpacHBIX BOJOKOH, a TaKXKe HUCCIe-
JIOBAHUE UX ONTUYECKUX CBOMCTB, SIBJISCTCS aKTyaJlbHOM 3a7auyeli COBPEMEHHOMU
BOJIOKOHHOW ONTHUKHU W (POTOHMKHU 32 CUET IIMPOKOIO JMAINa30Ha MPOIyCKaHUs
0e3 okoH noruonieHus. B HayuHoil nabopatopun «BOJIOKOHHBIX TEXHOJOTHHA U
(bOTOHUKMY HA TMIPOTSHKEHUHU JOJTHX JIET 3aHUMAIOTCS Pa3paO0TKONW ONTHYECKUX
MaTepuajoB Ha OCHOBE TaJIOTEHUJIOB cepedpa W OJIHOBAJIGHTHOI'O TaJUIHS,
00J1aIatoIMX BHICOKUMH (DYHKIIMOHAJIBHBIMM CBOMCTBAMH, MPEAHA3ZHAYCHHBIX
s UK-cnexktpockonuu, UK-nmupomeTpun, nazepHoi 1 MEAUIMHCKON TEXHUKH,
TETIJIOBUJICHUS, 4 TAKKE BOJIOKOHHOM ONTUKU U (HOTOHUKH. B Hacrosiee Bpems
B JJa0opaTopuu pazpaboTaHbl AITOPUTMBI MOJICIIUPOBAHUS ONITUYECKUX BOJIOKOH
U Tpoliecca KCTPY3UH OJHOCIIONHBIX CBETOBOJOB Ha ocHOBe cucteM AQCI-
0,25BI’0,75 — T|BI’0,46|0,54 41 AgC|0,25Bro,75 - T|C|0,74BI’0,26. I[JISI pemeHus 1ocra-
BJICHHOW IIeJM OBLJIO HCIOJB30BAaHO MOJICIMPOBAHUE IO METOAY KOHEUHBIX
anemeHToB B [IO0 COMSOL Multiphysics ¢ HCHoONb30BaHMEM BCTPOEHHBIX
uHTepdeiicoB. MoaeaupoBaHue BOJOKOH M MPOIECcca AKCTPY3UH IO3BOJISIET
no00paTh ONTUMAJIBHBIE PEXUMBI H3TOTOBJICHHS ONTHYECKUX BOJIOKOH, a
TaK)K€ pacCUUTaTh TEIUIOPU3MUYECKUE W MEXaHWYECKHUEe TIapaMeTphl, COMyT-
CTBYIOIIME MpoLEecCy IKCTpy3uu [1].

BonoxHa Ha ocHOBe AgC|o,258r0,75 — TIBr0,46I0,54 u AgC|olszI’o,75 —
TIClo74Bro 26 mokasanu BeICOKHE YPOBHU 3Hepruii (10 3,45 kBT/M?) Ipu HU3KHUX
3Ha4YEHUsIX onTtudyeckux mnoreps (mo 0,09 - 102 nb/M mas MOJBI LPO1). Ilo
pe3yapTataM  MOJEIMPOBAHUS  Ipolecca HAKCTPY3UHM U IOJYyYECHHBIM
TEXHOJOTHYECKUM DPEeXHMaM ObUIM M3TOTOBJICHBI TMOJUKPUCTAIINYECKHE CBE-
toBozbl coctaBa 3 u 93 moi. % TIClg74Bro26 8 AQClo2sBro7s, 3, 6 u 9 mon. %
TIBrosslosa B AQClo2sBrozs. HccimenoBanne ONTHYECKMX CBOWCTB BOJIOKOH
MoKa3ajio, 4TO CHEKTPaJIbHOE MPOMyCKaHWE OOpas3IoB 3aBHCENO OT COCTaBa.
Bonokna Ha ocHoBe AQClo25Bro7s — TIClo74Bro2s mpo3paunsr ot 3,0-4,0 nmo
15,0-25,0 mxm, a BosokHa cucteMbl AQClg 25Bro7s — TIBroslossa — B muamasone
or 3,5 no 28,0 mxm. B BomokHax coctaBa 93 moa. % TIClg74Bro2s B AgCI-
0,25B 0,75 HAOIIOMANACh PEKPUCTAIITU3ANNS 3€PEH B TEUCHHH HECKOJIBKUX YacOB
MOCJ€ W3TOTOBJIEHHUS, YTO TMPHUBEIO K HX pa3pylieHHi0. MuHUMalbHbIE
orntuyeckue norepu coctaBwin 0,2 nb/m (mpu pnmuHax BomH 11,2 — 14,7 MKMm)
JUTS BOJIOKOH Ha 0cHOBE TBepabiX pacTBOpoB AJClo 25Bro 75 — TIClg74Bro 26 1 0,8
ab/m (npu mmaax BoH 10,0 — 14,0 MxMm) B cimydae BojiokoH cucteMbl AQCI-
0.25Bro,75 — TIBro46l0,54.

1. A. Yuzhakova, D. Salimgareev, A. Lvov, et al., Opical Materials. 131,
112687 (2022).
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1N MUKPOHAIIPSAXK/IEHNI B OBPA3ILIAX TBEP/IBIX PACTBOPOB
CUCTEM AgC10,25Br0,75 — TlBr0,46|0,54 u AgC10,25Br0,75 — TICI0,74Bro,25

J.J. Canumrapees, A.A. FOxaxkosa, A.E. JIsBoB, I1.B. Ilectepesa,
®.M. Kyuepenko, E.1O. Kabsikuna, JI.B. XKykosa
VYpansckuii goedepanvusiii ynusepcumem
um. nepsoeo Ilpezuoenma Poccuu b.H. Envyuna, Examepunbype
E-mail: d.d.salimgareev@urfu.ru

dazoBrle JAuarpaMmbl CUCTEM AgClo,szro,w - TlBro,46|o,54 u AgC10,25Bro,75
— TIClo,74Bro 26 XxapakTepu3yroTcsi HEOrpaHUUYECHHOM PACTBOPUMOCTBIO B JKHIKOM
COCTOSIHUY Y OTPAaHUYCHHOW PACTBOPUMOCTBIO B TBEPJIOM COCTOSIHMH. B kax o
U3 JWarpaMMm HaOJIIoJaeTcs HalIW4Yue JABYX o0OJlacTeld TOMOTCHHOCTH —
rpaHUYHBIX  TBEpAbIX pacTBOpoB Ha ocHOBe AgClg2sBrozs, TIBrossloss wmm
TIClp74Bro2s, a Taxxke rereporeHHbie 00JacTH W3 JBYX (a3 Ha OCHOBE
IPaHUYHBIX TBEPABIX pacTBOPOB U pombOuueckux ¢az (FM3m+R-3 u Pm3m+R-
3). B 3Tux 00y1acTIX BO3MOJKHO IMOJIY4YaTh Pa3IUIHYIO MOJMKPHCTAIUTMYCCKYO
ontuky. IIOoCKOIBKY A3TH MaTepuaibl MPO3payHbl OT BUIAUMOM JI0 JaJIbHEH
uHppakpacHOW 00JacTH pa3MEepOB KPHCTAUIMTOB MOXKET CYIIECTBEHHO
CKa3bIBaThCs Ha MPOMYCKaHUH. B CBsA3M ¢ 3THM OBLJIO HEOOXOIUMO HCCIICI0BAThH
3aBUCUMOCTh Pa3MEpOB KPUCTAJUIUTOB W MHUKPOHAIPSDKEHUS OT cocrtaBa. Ilo
JaHHBIM PEHTreHo(a3z0BOTr0 aHaidM3a OBUIM PACCUMTAHBl 3HAUYEHUS Pa3MEpPOB
KPUCTALTATOB U MHKpOHAINpsDKEHUsT B KyOumueckux ¢aszax. [ns storo
ucnoib3oBauch ypaBHenue llleppepa u mogenu Yunbsamcona-Xomia [1] tuma
UDM [2], USDM [3], UDEDM [4]. POA Obumn modydeHbl Ha YCTaHOBKE
Rigaku MiniFlex 600, pexumsbr: anon — Cu; uznydenne CuKa ¢ AJIMHON BOTHBI
1,541862 A; nmamazon cwemkum ot 3° mo 90°; mar 0,02°; cKopocTh
ckanupoBanus 10 °/MuH. PenTreHorpamMmbl 00pabaThIBAIUCh C ITOMOIIBIO
CICIMATU3MPOBAHHOTO mporpammuoro obecmeuenust «Rigaku PDXL XRD
analysis software» ¢ morperrHoCTbI0 H3MEPEHUS MapaMeTPOB KPUCTAILTUHICCKOM
pemetku + 0,002 A. CornacHo IpoBeJeHHBIM pacueTaM pa3Mep KpHCTaIUTOB
B KyOmdeckux (azax s 000MX CHCTEM YMEHBIIAeTCS IPH MPUOIMKCHUU K
TOYKE 3BTEKTHKH TOJbKO mo mozaenu llleppepa (ot 80 go 17 um), no apyrum
MOJEJIAM KaKOH-IM00 YETKOM 3aBUCUMOCTH HE HAaOIr0IaeTCs.

1. V. Mote, Y. Purushotham, B. Dole, J. of Theor. and Appl. Phys. 6, 1
(2012).

2. V. Biju, N. Sugathan, V. Vrinda, et al., J. Mater. Sc. 1, 43 (2008).

3. Z.A. Khorsand, W.H. Abdul Majid, M.E. Abrishami, et al., Solid State
Sci. 13 (2011).

4. H. Irfan, K.M. Racik, S. Anand, J. Asian Ceram. Soc. 6, 1 (2018).

124


https://e.mail.ru/compose?To=d.d.salimgareev@urfu.ru

HOUHK-TEJUIYPUTHBIE CTEKJIA JIS1 BOJIOKOHHO-OIITUYECKUX
[TPUMEHEHNWU B UK-IMAITA30OHE

A.P. Illapadees?, B.B. Jopodees! 2, C.E. Motopun® 2, A K. Kum?,
C.B. Mypasnes?, M.IO. Kontes?, B.B. Konrames®
YUnemumym xumuu evicoxouucmoix éewecmes um. I. I'. [Jessmoix PAH,
Huoicnuii Hoseopoo
2Uncmumym npuxiaonou ¢usuku um. A.B. Ianonosa-I pexoea PAH, Huoicnuil
Hoegzeopoo
SUncmumym obwen gusuxu um. A.M. Ipoxopoea PAH, Mockeéa
E-mail: sharafeev@ihps-nnov.ru

Crékiia, MpUMEHSEMBbIC TSI U3TOTOBJICHHS ONITUYECKHUX BOJIOKOH, JTOJDKHBI
OBITH BBICOKOTIPO3pAa4yHbl B IICJICBOM JWAIla30HE JIMH BOJIH, YCTOWYHUBHI K
KpUCTaJUTU3aIuu, 00Ja7aTh BO3MOXKHOCTBHIO MOJIU(UKAIIMU TOKa3aTess mpe-
JOMJICHUST M aKTHBAIMU PEIKO3EMEIbHBIMH HOHAMH B  HEOOXOIUMOM
KOHIICHTpanuK. TakoBeIMH JJisi OmwkHero u cpeaHero WK-mmama3oHoB
SIBJITFOTCSI HEKOTOPBIC COCTaBBI IIUHK-TEJUTYPUTHBIX CTEKO.

CunTte3 cepuil coctaBoB cTékosl Ha ocHOBe Te02-ZnO ¢ mobamieHuEM
Moauuupyronux kommnoneHToB — Lax0sz, NaO, Bi,Os; mpoBoauan B MOTOKE
OUYHUIIEHHOTO KHUCIOPOJia B TEPMETUYHOM PEAKTOpPEe M3 KBapIIEBOrO0 CTEKJIA.
UccnenoBanu Ttemmodu3nyeckue CBOWCTBA, CIEKTPhl MPOIYCKaHUsS, CIEKT-
payibHbIE 3aBUCUMOCTH TOKA3aTeNsl MPETOMIICHHUS.

HaunGomnbiielt ycTOWYMBOCTBIO K KPUCTAJUTU3ALUUA 00JIAIAaeT PANl CTEKOIN
cucteMbl 1€02-Zn0O-La;03-Na;O. Ilo gamweiMm JICK B nydmmx cocraBax
OTCYTCTBOBAJIM TEIJIOBBIE 3 (PEKThl KPUCTAIUIM3ALMN U TUIABJICHUSI KPUCTAIIIOB
Jaxe TpH HHU3KHX CKopocTsx HarpeBa S5 u 2,5 K/mun. Temmeparypa
crexioBanust ~300 °C, a cienoBareiabHO, U BA3KOCTh CTEKOJN, MPAKTUUYECKU HE
3aBucenu oT KoHIeHTpauuu ZnO B obmactu 10-20 moi.%.

VYpoBeHb MpoIycKaHus CTEKOT B BUJIE TOHKUX TUIACTUHOK TpeBbimaeT 20
% B numanazone 0,4 — 6,2 mMxM. Ha cmektpax He 00€3BOKEHHBIX O00Opa3IOB
IPUCYTCTBYIOT TOJIOCHI TOTJIOMIEHUSI TUAPOKCHIBHBIX TPYIMI C MaKCUMyMaMu
Ha 2,3; 3,3 u 4,5 MxMm. C WuUCNOJb30BAHMEM OPUTHMHAIBHONW METOJUKHU
00€3BOKMBAHUS TIOJIYYEHBI OOpa3Ibl C PEKOPJHO HHU3KUM TOTJIOMIEHUEM
ruapokcwiIbHEIX rpymm 0,001-0,002 cm B momoce ~3,3 MkM.

[Tokazano, 4yto 3¢ dexTuBHAS MOAUPUKAIMS TOKA3aATEIs MPETOMIICHHUS
BO3MOXHA 32 CYET M3MEHEHHUS KOHIICHTPAIIUK OKCHIA ITMHKA.

YcTaHoBEeHAa BO3MOKHOCTH JIETHPOBAHUS Pa3paOOTaHHBIX MAaTPUYHBIX
cocTaBOB oOKcujaamu P30 B KOHUEHTpalUUH IO HECKONbKUX MOJ.%. bpuin
YCHENIHO HW3TOTOBJIEHBI BOJIOKOHHBIE CBETOBOJBI CO CTYIEHYATHIM Mpoduiiem
MOKa3aTelsi MPEJIOMJICHUS, B TOM YHCIIE aKTUBUPOBAHHBIE HOHAMHU SpOUs, C
ONTHYECKUMH TIoTepssmu He O6oitee 0,5 nb/m B quanaszone 1,7-2,7 MKM.

baaromapuocTu: lccienoBaHue BBIIIOJHEHO B pPaMKax peaM3alluu
[TIporpammer  HIIMY  «llentp doToHuMKN» mnpu (HUHAHCOBON TOIIEPIKKE
Muno6puayku, cornamenue Ne 075-15-2022-316.
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CTPYKTYVYPA, ®A30BBIN COCTAB U CIIEKTPAJIBHO-
JIIOMMWHECLEHTHBIE XAPAKTEPUCTHUKH KEPAMUM K
ZI‘Oz-SCzOs-szOg

E.M. Bysaepal, JI.A. Arapkos?, M.A. Bopux®, .M. KopaGeBa?,

A .B. Kyne6sxun®, U.E. Kypununa?, B.M. Kamxun®, E.E. JlJomonosa®,
®.0. Munosuu?, B.A. Me3una®, I1.A. Ps6ouxunal, H.}O. Ta6aukoa®*
Mopoosckuii 2ocydapcmeennuiii ynusepcumem um. H.II. Ozapéea, Capanck
2Uncmumym ¢uszuxu meepoozo mena PAH, Yepnozonoexa
SUncmumym obwen usuxu um. A.M. IIpoxoposa PAH, Mockea

AHUTY MHUCuC, Mockea
E-mail: katyabuzaeva@yandex.ru

Kepamuueckue wmarepuanabl Ha OCHOBE CTAaOWJIM3UPOBAHHOTO HOKCHIA
UPKOHHUS 00JagaroT BBICOKOM KHCIOPOJHO-MOHHOW TPOBOAMMOCTBIO TPHU
MOBBIIIEHHBIX TEMIIEpaTypax, YTO TMO3BOJISIET MCIOJIb30BaTh HMX B KaueCTBE
TBEPJBIX SJEKTPOIUTOB. OTAEIHHOrO BHUMAHHUS 3aCIyXKHUBAIOT KEepaMHUYECKHUeE
TBEpJIbIE JJIEKTPOJIMTHI HAa OCHOBE JUOKCHAA IUPKOHUS, CTAaOMIM3UPOBAHHOTO
okcugaM ckauaus. OgaumM u3 3pHEKTUBHBIX OKCHUJIOB COBMECTHOTO JITUPOBAHUS,
CTAOMJIM3HUPYIOLIUX BBICOKOMPOBOASIIYIO KyOudeckyo ¢azy B cucreme ZrO»-
Sc20s3, sBisieres YboO3 [1].

Ha crpykrypy, cTaOMiIbHOCTh (DU3UKO-MEXAHHUUYECKUX U  BJIEKTPOIpPO-
BOJASIIMX CBOMCTB KEpaMHUK BIMSIOT METOJ CHHTE€3a U YCJIOBHUS IIpoliecca ee
U3rOTOBJIEHUS, KOTOpPbIE TJABHBIM 00pa3oM ONPENENSIIOT MHUKPOCTPYKTYPY
MaTepuana.

B nanHOli paboTe peann30BaH METOJ H3TOTOBIIEHHS OOpa3LOB KEpaMHUK
(Z2r02)0.90(SC203)0.09(Yb203)0.01 U3 TOPOILIKOB, MONTYYCHHBIX MPH pa3MoJie ILIAB-
JIEHHBIX TBEP/bIX PaCTBOPOB aHAJIOTMYHOTO COCTaBa, MOJYUYEHHBIX HANPABICHHOU
KpUCTAJNIM3ALMEN pacIuiaBa B X0JIOJHOM KOHTEHWHEpe.

Pe3ynbpTaThl peHTreHO(a30BOro aHaliM3a HUCCIEAYEMBIX KEepaMHYECKHX
00pa3LoB CBUAETEIBCTBYIOT O TOM, YTO OHU SIBIISIFOTCS OAHO(A3HBIMU U 00J1a1al0T
KyOMUY€eCKOW CTPYKTYpoOi Tuma (aroopura.

CrieKTpajabHO-TIOMUHECLICHTHBIE CBOWCTBAa IIOJYYEHHBIX KEpaMUK ObLIU
U3y4YEeHbl METOJIOM OINTHUYECKON crnekTpockonuu. CpaBHUTEIBHBIN aHaIu3
CHEKTPOB JIFOMMHECHEHIMH HOHOB Eu®* B TBepABIX pacTBOpax KepaMHUYECKHX H
MOHOKPHUCTAJUIMYECKUX O0pa3loB OJWHAKOBOI'O COCTaBa HE BBISBUJI Cylle-
CTBEHHBIX pa3IUYMi, YTO CBUJETEILCTBYET OO0 MJIEHTUYHOCTH MX JIOKAIbHOU
CTPYKTYDBHL.

[Tonydensl n300paxkeHUss MUKPOCTPYKTYPbI IOBEPXHOCTU KEpaMUK. AHaAINU3
IIOKa3aj, 4TO pa3Mep KepaMHUUYECKUX 3€pEH HaXOAuTCsA B Auamna3oHe or ~ 1 go 10
MKM. bonbimmHeTBO 3epeH ~ 50%, uMEroT pa3Mepsl A0 ~ S5-6 MKM.

IIpoBeneHsl U3MEPEHNSI HOHHOU IPOBOAUMOCTH KepaMuK. [losryueHo, 4yTo Bo
BCEM JMAIla30HE TEMIIEPATyp HMOHHAs MPOBOJMMOCTH KEPAMHK HHUXKE, YeM Yy
MOHOKPHUCTAJUIOB aHAJIOTMYHOTO COCTaBa, 4YTO, CKOpEe BCEro, OOYyCIIOBICHO
HaJIM4YKEM MOp U TPaHULl 3epeH B 00pa3liax KepaMUKH.

1. V. Shukla, K. Balani, A. Subramaniam, et al., J Phys Chem J. Phys. Chem.

123, 21982-21992 (2019).
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E.E. Jlomonosal, ®.0. Munosuu*, B.A. Meizunal, B. I[Tankparos?, A.A. Pey?,
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YUnemumym obwen pusuxu um. A.M. IIpoxoposa PAH, Mockea
2Mopodoeckuii 2ocydapcmeennwiil ynusepcumem um. H.II. Ozapésa, Capanck
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*Mockosckuil norumexnuueckuii ynueéepcumem, Mockea
AUncmumym pusuxu meepoozo mena Jlameuiicko2o ynusepcumema,
Puca, Jlameus
E-mail: bukarevsa@yandex.ru

Kpucramibl, nerupoBaHHbIC MOHAMU C€BPOIHS, XapaKTEPU3YIOTCS IT0JI0-
caM¥ JIFOMUHECIICHITUU B BUIUMOM 00JIACTH W YaCTO HMCIIOJIB3YIOTCS B KaUECTBE
3 ()EKTUBHBIX KPUCTAUTMUECKHUX JIFIOMUHOGOPOB. JIFOMUHECIICHTHBIC CBOHCTBA
TaKUX JIIOMUHO(POPOB MOTYT OBITh OOYCJIOBJICHBI ONTHYCCKUMH IEPEXOIaMU
ME3KJly YPOBHAMHM dHepruu noHos Eu?* u Eu®"

B Hacrosmie#t pabore mpeacTaBieHbl Pe3yibTaThl ()a30BOI0 COCTaBa M
CIEKTPAIbHO-TIOMUHECIICHTHBIX ~ XapaKTePUCTUK KOHIICHTPAIMOHHOTO psijia
kpuctamioB ZrO,- xmoi.% Eu,03 (roe X =4, 6, 8, 10, 12, 15, 20, 27).

Beisieiieno, uro kpuctamisl  ZrOz-xmoin.%Eu203  (X=4,6) xapakre-
pU3YIOTCA TeTparoHajibHOU cTpykTypoi. s kpucramioB ZrOz-8momn.%Eu,03
XapaKkTepHa cMech KyOuueckol M TerparoHaibHoi ¢a3. Kpucrtamner ZrO;-
xMoiL.%Eu03 (x=10,12,15) umeroT KyOMYeCKyl CTPYKTypy, a KPHCTaJLIbI
Zr0y-27mon.%Eu,03  sBisitoTrcst ABYX(a3HBIMH, COAEPNKAIIMMH KyOUYECKYIO
MoauHUKaIMIO U dazy MUpoxJiopa.

Merogamu ontudyeckoi u OIIP — chnekrpockonmuu B KpucTaiax
KOHIIGHTpamoHHoro psna ZrOz-Eu,Os; mociie pocta BBISIBICHO HAIMYNC
1IEHTPOB OKPACKH ¥ HOHOB Eu?*,

[Tokazano, uyro B kpuctamiax ZrOz-xmoi.%Eu03 (X = 4-15) momu-
HUPYIOIMMH ONTUYECKMMM I€HTpaMH HOHOB Eu®" SBIAIOTCS BOCEMHKO-
OPJIMHUPOBAHHBIC MO KUCIOPOAY ONTHYECKHE LEHTPHI, UMEIOIINE BAKAHCHH BO
BTOPOW U JallbHUX KOOPAMHAIIMOHHBIX cdepax. B xpucrammax ZrO,-
20M01.%Eu03 1 ZrO2-27mon.%Eu,03 BBISBICHBI MIECTUKOOPAUHUPOBAHHBIC
110 KMCIIOPOJy ONTHYECKUE LEHTPhl HoHOB Bu®*,
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MULTIFUNCTIONAL PHOTO-THERMO-REFRACTIVE GLASSES
FOR PHOTONICS: HISTORY, PROPERTIES, TECHNOLOGIES
AND APPLICATIONS (A REVIEW)

N.V. Nikonorov
National Research University ITMO, St. Petersburg
E-mail: nikonorov@oi.ifmo.ru

Photo-thermo-refractive (PTR) glasses are a new class of multifunctional
photosensitive materials designed to fabricate a wide range of photonic elements
and devices: volume phase holograms (Bragg gratings), gradient-index
elements, waveguide and hollow microfluidic structures, phosphors, sensors,
lasers with distributed feedback etc. [1, 2].

The prototype of PTR glasses was polychrome glass (PCG) developed by
Stookey S. at the American company Corning in 1978 [3]. In Russia, these
glasses appeared later (in the 80s). The developer of these glasses was
V.Tsekhomsky’s group at S.I. Vavilov State Optical Institute (USSR). These
glasses had the same functionality as PCG and received a similar name
“multichrome glasses” (MCG) [4]. The main feature of PCG/MCG is the
selective absorption of light in the visible region of the spectrum. These glasses
acquire a wide range of colors as a result of the following photochemical and
diffusion processes (photo-thermo-induced crystallization). Under the influence
of UV radiation and subsequent heat treatment, crystallization centers are
formed - metallic silver nanoparticles, and NaF-AgBr nanocrystals grow on
these centers. Under certain conditions of photo-thermal-induced growth, these
nanocrystals acquire a complex shape in the form of elongated cone-shaped
structures similar to “carrots”. Additional multistage UV irradiation and heat
treatment lead to photolytic deposition of silver (decoration) on elongated
structures. Metallic silver deposited on the surface of a nanocrystal in the form
of a shell also acquires a cone shape, which leads to a shift of absorption bands
in the visible region of the spectrum. Thus, the main condition for
polychrome/multichrome coloring is the cone shape of metallic silver
nanoparticles. Thus, a variety of colors are formed in the glass volume,
including a full range of colors: blue, green, yellow, orange, red and their
derivatives, which allows us to record a color image in the glass. Figure 1 shows
a photograph of a multicolored image recorded in the volume of MCG
synthesized at ITMO University [1]. It should be noted, that despite the
attractiveness of recording a color image in a volume of glass with the use only
UV radiation and heat treatment, PCG and MCG have not yet found any
widespread applications.

129


mailto:nikonorov@oi.ifmo.ru

T -

-
!

ATMO) \

S ——

Fig.1. Multicolor image made with a UV laser (325 nm) followed by heat treatment
in the glass volume [1].

In the late 80s and early 90s, Nikonorov N. and Glebov L. (S.I. Vavilov
State Optical Institute, USSR) first proposed the use of PCG/MCG for recording
volume phase holograms [5-8]. In this case, only one stage of photo-thermo-
induced crystallization of glass was used — “irradiation and heat treatment”, in
which the main attention was paid not to the cone shape of microcrystals and the
shift of absorption spectra, but to the difference in the refractive indices of the
crystalline and glassy phases. This difference was used to record volume phase
holograms, including Bragg gratings. Moreover, a “struggle” was waged with
the cone shape in order to reduce the size of the nanocrystals and weaken the
contribution of scattering in the recorded phase holograms. Thus, the team from
State Optical Institute proposed a new brand for this class of holographic
materials — “photo-thermo-refractive glass” (PTR glass), i.e. glass in which the
refractive index changes as a result of irradiation and subsequent heat treatment.
This name became entrenched in the holographic community, it replaced the
names PCG and MCG and began to be actively used in our country [1, 2] and
abroad [9].

Over the past 20 years, two scientific groups of ITMO University (St.
Petersburg, Russia) and the Optigrate company (Orlando, USA) have conducted
and are currently conducting competitive research and development of both PTR
glass itself and elements and devices for photonics, sensors, lasers, phosphors,
etc. Increased attention to PTR glasses is primarily due to their physicochemical
properties and the ability to produce volume diffractive optical elements for
different functionality.

The following advantages of PTR glasses and holograms based on them
can be noted [1, 2]. Holograms (including Bragg gratings) can be recorded at
great depths (0.1 — 10 mm). The recorded elements have high diffraction
efficiency (up to 99.9 %), as well as angular (less than 0.1 mrad) and spectral
(less than 0.01 nm) selectivity. Holograms recorded in PTR glass have high
chemical resistance, mechanical and thermal strength, which are similar to
commercial K8 (BK7) optical glass. In addition, they can withstand exposure to
powerful continuous and pulsed laser radiation. The optical breakdown
thresholds of PTR glass are close to the breakdown thresholds of commercial
BK7 optical glass: 30-40 J/cm? for pulsed irradiation (8 ns, A = 1064 nm) and

100 kW/cm? for continuous irradiation (A = 1095 nm). It is also worth noting
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that holograms can withstand repeated heating to high temperatures (500°C)
without losing their properties [1, 2].

The advantage of PTR glasses as a material for recording holograms is
also its homogeneity (fluctuations of the refractive index in the volume do not
exceed 107°) and reproducibility of characteristics both during the synthesis of
the original glass (like optical glass K8/BK7) and during photo-thermal-induced
crystallization. PTR glass allows the use of traditional methods of mechanical
processing — grinding and polishing, as well as various forming technologies
(for example, pressing, molding and creating aspherical surfaces). It is also
possible to draw optical fiber from PTR glass. The production of PTR glass can
be carried out both in laboratory (up to 5-10 kg) and industrial (up to 300 kg)
conditions using simple and non-toxic technology. Moreover, the chemical
reagents necessary for glass synthesis are commercially available and
Inexpensive.

It should also be noted that there are some properties of PTR glasses that
are unusual for recording media. Thus, PTR glasses contain an alkaline
component (sodium ions), and ion exchange technology is applicable to such
glasses. For example, it is possible to replace sodium ions in PTR glass with
silver, potassium, rubidium, and cesium ions from an external source — molten
salt. This technology makes it possible to increase the refractive index (An =
= 1073) on the surface of PTR glass and create ion-exchange optical Ag*, K*, Rb*
and Cs* waveguides, as well as strengthen the surface due to compressive
diffusion stresses [1, 10]. lon exchange technology makes it possible to increase
the mechanical, thermal and optical strength of PTR glass, as well as its
chemical resistance.

It was shown in [11] that the etching rate of the crystallized region of the
material is 10-15 times higher than the etching rate of the original glass. This
effect makes it possible to create three-dimensional mini- and microfluidic
structures in the volume of PTR glass.

The work [12] shows the possibility of doping PTR glasses with rare earth
ions (neodymium, ytterbium, erbium), which opens up the possibility of
recording Bragg gratings directly inside the active medium, i.e. allows us to
create lasers with distributed Bragg reflectors and distributed feedback.

One more interesting feature of PTR glass should be noted. The
composition of PTR glass includes silver ions. Silver ions can be transformed
into silver molecular clusters by UV irradiation and subsequent heat treatment at
low temperatures (below Tg). These clusters exhibit highly intense luminescence
in the visible range of the spectrum when exposed to UV radiation. This
approach makes it possible to distribute luminescent centers in the volume of
PTR glass and, accordingly, obtain a luminescent image, i.e. we can create
luminescent patterns of complex architecture.

Silver ions can also be introduced into the surface layers of PTR glass by
ion exchange with the subsequent formation of silver molecular clusters during

131



heat treatment. This approach makes it possible to create luminescent
waveguides [13].

Silver ions can also be transformed into silver metallic nanoparticles by
UV irradiation and subsequent heat treatment at high temperatures (close Tg).
Such plasmonic structure can be used as a portable and low-cost sensors for
chemical and bio-detection. These sensors are based on surface-enhanced
Raman scattering (SERS) with the use of plasmonic nanoparticles.

Silver metallic nanoparticles can also be formed on surface of PTR glass
by ion exchange. This approach makes it possible to fabricate plasmonic
waveguides that can be used for photocatalytic applications (decomposition of
water into hydrogen and oxygen, as well as purification of air and water from
pollution).

An important factor is that PTR glass allows for a combination of photo-
thermo-induced crystallization, ion exchange and etching. Those, it is possible
to create optical, luminescent and plasmonic waveguides both on the surface of
PTR glass and inside hollow structures.

The noted features of PTR glasses make it possible to classify it as a
multifunctional material and to develop on its basis a wide range of holographic
optical elements and devices for photonics, laser technology and metrology.

We can note the contribution of Optigrate (in 2018, this company became
part of IPG, USA) and Ondex (USA) in creating commercial production of
diffractive optical elements for laser technology based on PTR glass. First of all,
this is the production and release to the market of a wide line of ultra-
narrowband spectral and spatial filters, WDM devices, high-power laser beam
combiners, chirped gratings for compressing light pulses, filters that increase the
spectral brightness of laser diodes, filters for stabilizing the wavelength of laser
diodes, etc. [14].

ITMO University also made a significant contribution to the development
of PTR glass itself and a new generation of element base for photonics. Such
developments, first of all, include the study of the processes of photo-thermo-
induced crystallization and the mechanisms of changes in the refractive index of
classical “fluoride” PTR glass [1]. These studies formed the basis for the
creation of new PTR glasses. These include the development of “bromide” and
“chloride” PTR glasses, which have a positive refractive index change,
compared to “fluoride” PTR glasses, which have a negative refractive index
change.

ITMO University has reproduced [1] almost the entire line of holographic
products produced by Optigrate [14] and Ondex. The following additional
developments should also be highlighted:

— ultra-narrowband spectral filters with a bandwidth of 5 pm to increase
the spectral brightness and temperature stabilization of the wavelength of laser
diode radiation (together with A.F. loffe Physico-technical Institute of RAS);
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— holographic prisms based on multiplex Bragg gratings (more than 20
gratings recorded in a single volume) for calibrating high-precision angular
instruments (together with the company of “Electropribor”);

— holographic marks for collimator holographic sights;

— basic elements for augmented reality eyeglasses based on the approach
of monolithic integration of a waveguide plate made in PTR glass with
multiplex holograms recorded in it for input and output of information (together
with N.E. Bauman MSTU);

— luminescent waveguides and temperature sensors;

— plasmonic waveguides, SERS sensors for chemical and bio-detection,
and photocatalyzers;

— lasing was obtained in laser PTR glasses activated with neodymium,
erbium and ytterbium, which opens up the possibility of implementing in glass
the ideology of monolithic integration of Bragg gratings and a laser medium (by
analogy with semiconductor lasers with distributed feedback).

Thus, we can conclude that multifunctional PTR glasses have a great
potential as a holographic, ion-exchangeable, luminescent, plasmonic and laser
medium, and, undoubtedly, such materials will be in demand when creating new
generation photonic elements and devices.

This work was supported by the Russian Science Foundation (project 20-
19-00559).
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PHASE NANOINHOMOGENEITIES IN OXIDE GLASSES
AND FUNCTIONAL MATERIALS BASED ON THEM

G.Yu. Shakhgildyan, V.N. Sigaev
D.1. Mendeleev University of Chemistry and Technology of Russia, Moscow
E-mail: georgiy.shahgildyan@gmail.com

Phase nanoinhomogeneities, significantly different in composition and
structure from the surrounding glassy matrix, have a great impact on its
properties. The formation of phase nanoinhomogeneities is of particular
Importance for the development of new optical materials based on oxide glasses
capable of exhibiting specific nonlinear optical, spectral-luminescent and other
properties. The targeted formation of phase nanoinhomogeneities in glasses
opens up new opportunities for the development of optical materials with
controlled properties. However, despite a significant amount of research devoted
to the development of new optical glasses and modeling of their structure [1],
there is still no complete description of the typology of these inhomogeneities
and methods of their formation. This paper presents an overview of phase
nanoinhomogeneities, the directed formation of which will contribute to the
development of optical materials with specified properties and unusual
combinations of them.

I. The phenomenon of stable and metastable phase separation in glass-
forming oxide systems, known for many decades, has always attracted attention
as an interesting object of research, preceding the appearance of other functional
phase inhomogeneities (in the form of nano- and microcrystals or nanopores).
Modern research shows that phase separation itself can lead to the formation of
phase inhomogeneities that affect the properties of optical materials. For
example, it was demonstrated a significant increase in the mechanical properties
(tensile strength, microhardness, etc.) of optically transparent glasses due to the
thermally induced formation of a phase separated structure [2—3]. Amorphous
phase nanoinhomogeneities formed in glasses of the Me,O-Nb,0s-SiO, (Me=Lli,
Na, K), K;O-TiO,-P,0s and others systems impart nonlinear optical properties
to optical materials, manifested in second harmonic generation [4-6], and work
[7] showed that weak quadratic optical nonlinearity is generally characteristic of
glasses liquidated on the nanoscale. Initiating phase separation in glasses of the
Zn0O-Al,03-Si0; system with AuCls; additives makes it possible to control the
position of the localized plasmon resonance band of the precipitated gold
nanoparticles, ensuring a shift of the band maximum in the range of up to 1000
nm [8]. This effect is achieved due to the localization of nanoparticles in phase
separated regions, which change the behavior of surface plasmons in gold
nanoparticles and contribute to broadening the plasmon resonance spectrum.

Il. The formation of nanocrystals of various natures in glasses is one of
the most common methods for creating functional phase nanoinhomogeneities
that provide new properties of glasses and their fine tuning. The classical
approach is the widely used glass-ceramic technology, which makes it possible
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to obtain a wide range of glass-crystalline materials, including transparent ones,
and, in particular, to form dielectric, semiconductor or metal nanocrystals in the
volume of glass [9], and by modifying the composition of the glass one can
significantly control the properties material. For example, additions of up to 4.5
mol.% Al,O; to gallium-germanosilicate glass significantly affect the formation
of y-Ga,Os nanocrystals, increasing their concentration and “freezing” their
sizes, which leads to a manifold increase in the luminescence intensity of the
materials [10]. A classic example of the influence of crystallization catalysts
(TiO2, ZrOy) on the formation of the phase composition and properties of glass
ceramics are glass ceramics based on the Li,O-Al,03-SiO, system. It is the
addition of catalysts that provides the possibility of the nucleation and growth of
target eucryptite-like phases and fine control over the values of the coefficient of
thermal expansion in glass ceramics of the Li,O-Al,03-SiO; system [11-12].
Spatially selective heating of glasses using femto- and picosecond laser beams
allows the formation of functional nanocrystals in a given region, opening the
way for the creation of waveguide and three-dimensional photonic structures
within the volume of a glassy matrix. It was showed in [13-14] that crystalline
waveguides that generate the second optical harmonic can be formed in the
volume of glass by direct laser writing, and the formed crystals can have a one-
sided or two-sided cross-section. Recently, the possibility of laser formation of
perovskite-like nanocrystals in glass was demonstrated, the chemical
composition of which varies depending on the laser processing modes. This
makes it possible to tune the position of the maximum of the luminescence band
in the range from 470 to 700 nm [15], creating micro-sized LEDs and high-
resolution displays. The point formation of nano-sized defects of various nature
opens up opportunities for the development of methods for ultra-dense recording
and unlimited long-term storage of data in glasses, as well as the design of
radially polarized vortex beam micro-converters [16—17]. Spectral-luminescent
properties initiated locally during the formation of phase nanoinhomogeneities
in the form of clusters, metal nanoparticles or quantum dots [18], open the way
to multidimensional data coding using different bit depths of the luminescence
intensity of nanostructures. For example, the possibility of creating optical
memory by laser writing of silver clusters in borate glass, with a capacity of
more than 10 Gb/cm?, was recently demonstrated [19].

I1l. Porosity, which is usually not characteristic of glasses, can also be
considered as a functional phase nanoinhomogeneity that significantly affects
the properties of optical materials. The formation of silver or gold nanoparticles
in the pores of nanoporous silicate glasses opens up the possibility of creating
effective substrates for giant Raman spectroscopy used to detect ultra-low
concentrations of substances [20]. The deposition of transition metal ions in the
pores allows, with subsequent temperature consolidation, the formation of oxide
glasses with a high content of activators [21]. Nanopores play an important role
in laser recording of functional objects: densification of the porous structure
allows the creation of waveguide architectures with high spatial resolution [22],
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and the ability to quickly and reproducibly form nanostructures with high phase
delay values makes porous glass a promising candidate for data writing and
storage [23].

These examples demonstrate the potential of phase nanoinhomogeneities
in the development of new optical materials with a wide variety of properties
combinations. At the same time, despite the described potential advantages,
glasses with phase inhomogeneities remain a complex object from a
technological point of view, contradicting the fundamentals of optical materials
science, which requires the material to have the highest possible degree of
homogeneity on the macro-, meso- and microscales. However, structural
inhomogeneities on the nanoscale, in many cases, may not affect the properties
of the optical material, introducing additional functionality into it. In this regard,
the experience of industrial development of transparent glass ceramics based on
the Li,O-Al,03-Si0; system, as well as the experience of industrial production
of photothermorefractive glasses with silver nanocrystals in the structure,
demonstrates the possibility of scaling approaches to the production of glasses
with phase nanoinhomogeneities. Expanding our understanding of the processes
of their formation and developing new methods for initiating and controlling
their growth continues to be an important task in optical materials science.
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O. B. Petrova
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Organic semiconductor materials have been rapidly expanding their
applications over the past 10 years. The greatest progress is observed in the field
of electroluminescent materials for information display devices — OLED
displays, illuminators, smart OLED fabrics.

The requirements for the stability of spectral and brightness characteristics
both from batch to batch and during operation turned out to be possible to meet
only when organic semiconductors approached 5N in chemical purity, which
today is the lower limit for inorganic semiconductors Analysis of the dynamics
of development of high-purity semiconductor materials showed that it took
inorganic semiconductors about 40 years to replace 5N drugs with higher purity
ones. According to this indicator, organic semiconductors are in the initial stage
of their development. In addition to purity in terms of impurities, the presence of
isomers and polymorphism turned out to be very important parameters.
Different polymorphs can exhibit luminescence with different wavelengths and
intensities [1].

Some of the most common luminescent materials for OLED devices are
metal complexes with various organic ligands. It is worth noting that foreign
literature classifies such compounds as inorganic chemistry, but in our country
the classification has not yet been established, but tends to be the same.

Luminescent metal complexes can be divided into complexes with ligand-
centered and metal-centered luminescence. Complexes with ligand-centered
luminescence typically exhibit broad luminescence bands caused by transitions
between the lowest unoccupied molecular orbital (LUMO) and the highest
occupied molecular orbital (HOMO). Such complexes contain identical or
unequal ligands, and the best known of them are 8-hydroxyquinolates of metals
of groups I, Il and 11l of the periodic table. In complexes with metal-centered
luminescence, non-radiative energy transfer occurs from the ligands to the
excited electronic levels of the central metal ion, followed by luminescence
characteristic of this ion. This phenomenon is called the ‘“antenna effect”.
Among metal-centered phosphors, Eu** complexes with red luminescence can
be distinguished. In order to increase the resolution of luminescent transitions in
rare-earth ions, they try to obtain complexes asymmetrical, i.e. containing
ligands of different donor-acceptor nature [2].

One of the problems with the widespread use of metal complex materials
in photonics is their lower stability in the environment than inorganic phosphors.
One method of protection is the creation of hybrid materials (HM), combining
organic and inorganic substances at the molecular level. HM’s contain either
Inorganic nanoparticles in an organic, for example, polymer matrix, or,
conversely, ensembles of organic nanoclusters in an inorganic matrix [3]. Based
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on this criterion, they are classified into inorganic-organic and organic-
Inorganic, respectively [4].

Organic-inorganic hybrid materials are widely used in new devices of
passive, active and integrated optics and photonics [5]. The main studies of
hybrid materials are devoted to the introduction of organic functional
nanocomponents into such inorganic matrices as silicate glasses, silicon oxide
nanospheres, thin amorphous films, xerogels, layered double hydroxides, and
single crystals. The most promising seems to be the use of luminescent
coordination metal complexes, especially those based on rare earth elements. A
comparison of the luminescent properties of GM doped with organic complexes
of the corresponding elements (Nd, Eu, Tb, Sm) with the same materials into
which additives were introduced in the form of inorganic compounds showed a
significant increase in efficiency.

The main methods for creating HM are solution methods, primarily sol-
gel [6], growth from solution of inorganic crystals with the capture of an organic
component, template synthesis, as well as gas-phase methods - vacuum
deposition, atomic layer deposition. The Department of Chemistry and Crystal
Technology of the Mendeleev University of Chemical Technology has
developed several original methods for obtaining HM:

1. Melt technique. This technique was tested on a wide range of phosphors,
both 8-hydroxyquinolates and metal B-diketonates, individual organic ligands,
and low-melting lead fluoroborate glass matrices. The technique consists of
placing a phosphor in a glass melt, while the phosphor is subjected to short-term
(10-30 s) high-temperature (500-550 °C) exposure without oxygen, which leads
to partial destruction of the organic component and an exchange reaction with
elements of glass [7].

2. Sputtering of thin layers and subsequent laser processing. This technique
was tested mainly on aluminum tris-(8-hydroxyquinolate) Algs and matrices
B,Os, PbF,, PbO. Laser processing was carried out with both continuous and
pulsed femtosecond lasers. The phosphor is heated by vacuum thermal spraying
and then laser irradiated. At low laser energies, an exchange reaction occurs, and
at high laser energies, the thin film is destroyed [8].

3. Co-precipitation from aqueous-alcoholic solutions. This method has
been tested on a wide range of phosphors and matrices LiF, PbF,, BaF,, SrF,,
Can, ZnF,, LaFs, PbFz-YFg, PbFz-LaFg, PbFz-Yng, C&Fz-YF3, etc. Co-
precipitation was performed with hydrofluoric acid and ammonium fluoride
from solutions of soluble salts of the corresponding metals and organic
components. The temperature effect in this method is minimal, but there is
exposure to a chemically aggressive environment, which can lead to the
incorporation of functional groups into organic fragments (fluorination,
nitration) [9].

4. Solid-phase synthesis. Tested on 8-hydroxyquinolates of lithium Liqg and
zinc Zng, and others and matrices PbF;, PbO, CaF,, ZnO, LaFs;, PbF,-YFs;,
PbF,-LaF;, PbFy-YbFs. This method allows varying the temperature and
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processing time, and leads to the same exchange reaction producing the same
optical centers as other techniques [10].

5. Aerogel method. Destruction (resinization) of the organic component in
the sol-gel process occurs mainly during prolonged drying of the gel. Drying
under supercritical conditions allows the process to be carried out much faster.
Such drying makes it possible to obtain a new material — aerogels with
extremely developed porosity. The production of luminescent aerogels opens up
wide possibilities for their use as effective sources of scattered light. HM’s were
obtained on the basis of SiO»-aerogel and 8-hydroxyquinolates of aluminum
Algs, boron Bqs, calcium Cagy, B-diketonates Eu and Yb. The resulting aerogels
exhibit effective luminescence in the entire visible range (allowing the creation
of an RGB device) and in the IR [11].

6. Capillary method. Methods of liquid-phase deposition of thin films are
more economical than vacuum deposition methods and allow the deposition of
large-area films: these are methods of dipping, spin-coating and capillary
deposition. Moreover, capillary application ensures almost 100% use of the
original substance. Hybrid films were obtained by the capillary method both
from HM previously synthesized by the solid-phase method (for example,
CaF,tLiq), and by carrying out the reaction directly in the thickness of the
deposited film with thermal or microwave activation of the reaction. Such film
luminescent HM’s can find wide practical application as marking components
[12].

Summarizing the methods used for the synthesis of HM, we can say that
various methods make it possible to obtain bulk, powder or thin-film HM with
different properties. In terms of intensity, the best performance is achieved by
solid-phase synthesis, the capillary method of film deposition and the aerogel
method. This is partly due to the fact that these methods provide the best transfer
of the organic phosphor into the target product. Thus, with the melt method,
thermal destruction occurs of more than two-thirds of the organic component; in
the sol-gel method with long-term drying, resinization occurs. During co-
precipitation, the phosphor is washed out. With vacuum deposition, spraying
past the substrate.
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After its discovery in 1946/47, it took about 15 years until synchrotron
radiation (SR) was systematically used for spectroscopy. From that time many
spectroscopic methods under SR excitations have been developed. However, the
tuneability of SR and its inherent well-defined time structure makes it
particularly well suited for time-resolved luminescence studies. Nevertheless,
the first pioneering work was published only in 1970 reporting the luminescence
spectroscopy experiments under SR excitations. The measurements were
performed at TANTALUS storage ring (Wisconsin, USA). Afterwards,
luminescence activities at other synchrotron centers around the world started.
Since 1970 luminescence spectroscopy experiments have been carried out for
instance at Tokyo synchrotron (Japan), at synchrotron center of Lebedev
Physical Institute (Moscow, USSR), at ACO storage ring (Orsay, France),
MAXLAB (Lund, Sweden), UVSOR (Okazaki, Japan) and others. However, the
most successful and significant luminescence experiments under SR were
performed at SUPERLUMI setup. The SUPERLUMI endstation was
constructed and developed as a user facility in 1981 at DORIS 1l storage ring of
HASYLAB at DESY (Hamburg, Germany) and it was a flagship experiment for
three decades [1, 2].

In the present lecture, after brief introduction about SR the pioneering
luminescence experiments are illustrated. The exciting development is
demonstrated presenting highlights for the whole period from the beginning to
the present day. The highlights are taken from fields like exciton self-trapping,
inelastic electron—electron scattering, cross luminescence, or probing of
nanocluster properties with luminescence spectroscopic methods. More
technological aspects play a role in present day’s experiments, like quantum
cutting in rare-earth-doped insulators.

Next, a few ideas concerning the future development of luminescence
spectroscopy with SR will be sketched. The main attention will be paid to the
new luminescence setup — FINESTLUMI [3] that was installed in 2019 on the
Finnish-Estonian beamline (FinEstBeAMS) [4,5] of the 1.5 GeV storage ring at
MAX IV Laboratory (Lund, Sweden). Currently, this setup along with new
SUPERLUMI beamline at DESY synchrotron in Hamburg (Germany) are
actively utilizing by many user groups within and outside of Europe. The resent
experiments as well as the recent significant results [6-10] obtained at
FINESTLUMI for novel luminescence materials and prospective scintillators
will be demonstrated and discussed. Special attention will be paid on the
analysis of excitation spectra in vacuum ultraviolet (VUV) and soft X-rays
(XUV) spectral range where multiplication of electronic excitation processes
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occur. The role of these processes in the luminescence efficiency in heavily
irradiated scintillator crystals will be elucidated.

Finally, the advantages of luminescence spectroscopy under synchrotron
radiation excitations will be demonstrated in the study of radiation damages in
some relevant scintillator materials. The intensive studies of excitons and their
non-radiative evolution channels with the creation of elementary Frenkel defects
in alkali halides and other compounds have been done during last two decades
demonstrating huge potential of VUV synchrotron excitations [11, 12].
Radiation defects creation had been revealed for several mechanisms: caused by
the decay of anion excitons, by the recombination of hot electrons and holes and
by the decay of cation excitons.
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LASER THERMAL DENSIFICATION OF NANOPOROUS GLASSES

Y.V. Spitsyna, A.S. Lipatiev, S.I. Stopkin, Yu.V. Mikhailov, S.S. Fedotov,
I.S. Glebov, V.N. Sigaev
D.1. Mendeleev University of Chemistry and Technology of Russia, Moscow
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Recently, there has been an increasing interest in porous glass (PG),
which finds practical applications in creating photonic element matrices, active
laser media, and optical memory [1]. However, PG is thermodynamically
unstable medium due to their strongly developed surface, high free energy, the
presence of nonclosed -Si-O-bonds. So, this material has a high tendency to
adsorb gases from the environment, which leads to changes in the optical
properties of the glass over time.

In this work, the formation of a homogeneous defect-free and porosity-
free layer on the surface of PG has been demonstrated by exposing the surface to
CO,-laser radiation. For this purpose, high-speed [2] and low-speed [3] modes
of laser surface heat sealing were considered. After optimization of laser
exposure modes, a layer of porous glass was formed on the surface, the tightness
of which was confirmed by applying a drop of distilled water to the heat-sealed
area, which remained on the surface without being absorbed into the porous
structure of the sample (Fig. 1). The possibilities of both recording birefringent
voxels by femtosecond laser pulses in the PG volume through a thermally
compacted surface and thermally compacting the PG with pre-recorded voxels
are shown.

Fig. 1. A photograph of the surface of a laser-densified PS sample taken
a few minutes after the application of a drop of water.
The research was supported by the Russian Science Foundation grant No.
22-79-10231.
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OF COMPOUNDS OF THE AgClg2sBro7s — Tl SYSTEM

P.V. Pestereva, E.Y. Kabykina, A.E. Lvov, L.V. Zhukova
Ural Federal University named after
the first President of Russia B.N. Yeltsin, Ekaterinburg
E-mail: p.v.pestereva@urfu.ru

Due to the fact that an active search and development of a new element
base designed for the generation, transmission and reception of infrared
radiation is underway, the study of new materials is an urgent task of optical
materials science. Currently, materials based on silver halides and monovalent
thallium have become the most popular, since they have high transparency in a
wide spectral range from visible to terahertz ranges, flexibility, non-
hygroscopicity, photostability and high resistance to ionizing radiation. The
Scientific Laboratory of Fiber Technologies and Photonics is engaged in the
development and research of new optical materials based on solid solutions of
the system AgC|o_25Bro_75 —TII.

The manufacture of optical materials based on solid solutions of the
AQClo25Bro 75 — Tl system includes the process of thermosonic crystallization of
synthesis (TSCS), due to which a high-purity charge is obtained with a
frequency of cationic impurities of no more than 0,1 ppm, and the process of
growing single crystals and synthesis of optical ceramics using the Bridgman
method with various technological modes. After that, polycrystalline plates with
an optical surface 350 = 5 microns thick are made from synthesized single
crystals and optical ceramics using the method of hot pressing on a manual
hydraulic press to study the functional properties of samples [1].

During the manufacture of the plates, the samples showed themselves to
be highly flexible, and the single crystals were visually transparent in the visible
region. According to the results of the study of the optical properties of single
crystals and optical ceramics based on solid solutions of the AgClo2sBro.7s — TlI
system, it was found that single crystals pass in the spectral range from 0,48 to
41,7 microns with transparency up to 70 % without taking into account Fresnel
losses, and optical ceramics — from 0,512 to 41,7 microns with maximum
transparency up to 50 %. The materials are also resistant to ultraviolet and
ionizing radiation. The microhardness of single crystals and optical ceramics
was determined using the Vickers method, which ranges from 1,77 to 4,78
depending on the composition at a load of 0,98 N (100 grams).

1. L. Zhukova, D. Shatunova, D. Salimgareev, et al., Journal of Crystal
Growth. 627, 127528 (2024).
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OXOCHLORIDE LEAD-TELLURITE GLASSES DOPED BY Tm?**, Ho%*,
Er** FOR IR PHOTONICS APPLICATIONS
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P. Loiko?, A. Braud?, P. Camy?, O. Petroval
! D.1. Mendeleev University of Chemistry and Technology of Russia, Moscow
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UMR 6252 CEA-CNRS-ENSICAEN, Université de Caen Normandie
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The development of materials for the infrared range of the spectrum is an
urgent task, since it has a number of important practical applications. One of the
promising materials are heavy glasses based on tellurium dioxide doped with
rare-earth ions [1].

In the presented study, we investigated the spectral-luminescent properties
of PbCl,-TeO, glasses doped with thulium (Tm?3"), holmium (Ho®"), and erbium
(Er®*) ions at concentrations of 0.65 to 2 mol%. The introduction of lead
chloride into the composition of tellurite glasses leads to changes in their
structure, which can be seen in Raman spectra (appearance of bands related to
Pb-Cl bonds, decrease and redistribution of intensities of bands of structural
units based on Te-O bonds). The structural changes are accompanied by a
decrease in the phonon energy of the matrix and a decrease in the probability of
multiphonon relaxation of excited states of activator ions.

The transmittance range is from 0.4 to 7.5 um, with the absorption
coefficient of OH-groups less than 1.5 cm™. All absorption bands characteristic
of Tm3*, Ho®*, Er®* ions are present on the absorption spectra of the glasses. The
glasses show intense luminescence in the near- and mid-IR ranges. For the first
time, luminescence in a matrix based on oxochloride lead glass was obtained in
the 2-3 um range. The lifetime of excited states of RE®*" in glasses of the PbCl,-
TeO, system is longer than in similar oxide systems ZnO-TeO; and La;Os-TeO,
[2]. The investigated system is promising for applications in systems operating
in the infrared range of the spectrum.

The work was supported by the Innovation Promotion Fund under the
UMNIK program (contract No. 18370GU/2023).

1. B.I. Denker etal., Ap. Phys. B 124, 1-8 (2018).
2. Y.X.Zhou etal., Optoel. Let., 8, Ne 4, P. 273-276 (2012).
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Borate glasses containing lead compounds have a complex of unique
properties such as strength, low thermal expansion, high refractive index and
significant transparency in a wide range of spectra. Oxohalide glasses are very
promising for applications as matrix materials for modern laser systems,
including fiber laser systems [1].

In this work, 3 series of glasses were synthesized with the general formula
xPbCl,—(50-0.5x)PbO—(50-0.5x-y)B,Os-yNdF3, where x varied from 0 to 40
mol% in steps of 10 mol%. For the first series, y was 0 mol%, for the second
series it was 1 mol%, and the third series corresponded to the general formula
30PbCl>-35Pb0—(35-y)B2,03-yNdF3, where y=0.1, 0.3, 0.5, 1 and 2 mol%.

The introduction of PbCl, leads to the expansion of the transparency
window in the IR region up to 4.7 um (at 40 mol% of PbCly). According to the
values of refractive index and the course of optical dispersion, the glasses
belong to superheavy flints. The investigated glasses exhibit luminescence
typical for Nd®* ions. The contour of the luminescence bands and the lifetime of
excited states are influenced by the concentration of PbCl; in the glass matrix. A
slight hypsochromic shift of the spectral lines of the hypersensitive transition
*Fa-*lor, from 876 nm to 874 nm with increasing PbCl, content from 0 to 40
mol% indicates a change of the environment of Nd3* ions from oxide to more
ionic (chloride) [2].

The structure of glasses was investigated. When PbCl; is introduced into
glasses, PbO,4 groupings are destroyed and PbCl; enters the glass mesh through
Pb-O-B bridging bonds. Depolymerization and weakening of the glass mesh
occurs with the formation of isolated ion-containing structural units. The
changes in the structure of the glass mesh lead to significant changes in
physicochemical properties and spectral-luminescent characteristics.

1. D. Butenkov et al. Ceramics 6(3), 1348 (2023).

2. E.F. Kustov et al., Electronic spectra of compounds of rare earth
elements, Moscow, Nauka, 1981.
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LiCaAlFs (LiCAF) crystals with impurity ions Ce3* and Cr* are actively
used as ultraviolet and infrared laser media, respectively [1-3]. Quality control
of crystals at early stages after their synthesis is relevant.

In this work, laser acoustic methods are used for prompt quantitative
evaluation of the quality of LICAF crystals using the UDL-2M flaw detector.
This technique provides control at the stage of ground surfaces, which does not
require expensive precision processing of crystals in contrast to traditional
polarization and interferometric techniques.

The studied samples of LICAF crystals were grown in Kazan Federal
University [4]. It is known [1,5] that in synthesized crystals of this chemical
composition anisotropic light scattering on inhomogeneities of different nature
Is observed, which is successfully eliminated by annealing the samples.

LICAF crystals were studied by absorption spectroscopy and laser
acoustics. All measurements were carried out along the optical axis C. The
spatial dependences of the concentration of impurity ions of crystals and the
velocities of longitudinal and shear ultrasonic waves (USW) along the crystal
growth direction were studied. The spatial dependences of the mechanical
constants of the samples and the attenuation coefficient of ultrasonic waves were
calculated. It is shown that the ultrasound attenuation coefficient can serve as a
parameter that provides operational characterization of the quality of
synthesized LiICAF crystals.

The study of acoustic characteristics of LICAF crystals was performed
with the financial support from the government assignment for FRC Kazan
Scientific Center of RAS.
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The development of infrared and terahertz optical materials for wide-
spectrum systems, medicine, IR and THz technology is an urgent task.
Promising materials for these applications are single crystals and optical
ceramics of the AgCIl — AgBr — Agl system developed by the team of authors
[1], which are non-toxic, non-hygroscopic, and have high photo and radiation
resistance. The high flexibility of these materials makes it possible to
manufacture various products based on them by hot pressing (windows, lenses,
etc.), and by extrusion — infrared light guides.

Within the range of the AgCIl — AgBr — Agl system, the phase diagrams of
the AgCl — Agl, AgCl — AgBr, AgBr — Agl systems were refined and new
diagrams AgCIl — AgBro7los and AgClp2sBro7s — Agl were studied. The results
obtained made it possible to identify areas of homo- and heterogeneity, the
compositions of which are suitable for growing single crystals and synthesizing
optical ceramics, respectively. According to the studied phase diagrams, optimal
technological modes were selected, a high-purity charge was synthesized by the
hydrochemical method and single crystals of 3, 8 and 13 mol. % Agl in AgBr, 3
and 6 mol. % Agl in AgCl, 15, 28, 42 and 92 mol. % AgBro-los in AgCl, 4, 8,
13, 16 and 20 % Agl in AgClo.2sBro.7s, were grown by the Bridgman method.
Optical ceramics compositions of 25 mol. % Agl in AgBr, 70 and 86 mol. %
AgBro71lo3 in AgCl, 20 and 33 mol. % Agl in AgClo2sBro 75 were synthesized by
the method of directed crystallization. These optical materials have a
transmission range in the range from 0.4 to 60.0 microns or more (30.0-5.0
THz) without absorption windows with a maximum transparency of 75-85% and
in the range from 300.0 to 1000.0 microns or more (0.3-1.0 THz) with
transparency up to 60-65%. Refractive indices in the wavelength range from 3.0
to 14.0 microns range from 2.020 to 2.208. Their high photo- and radiation
stability has been confirmed.

Thus, the developed new optical materials are promising for the creation
of optical equipment based on them, including for medicine.

This work was financially supported by the Ministry of Science and
Higher Education of the Russian Federation, State Contract no FEUZ-2023-
0021 (N687.42B.325/23)

1. L. Zhukova, D. Shatunova, D. Salimgareev, et al., Journal of Crystal
Growth. 627, 127528 (2024).
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The interest in tellurite glasses, including those activated by REE ions as
materials of active media of fiber lasers is due to the wide area of glass
formation of matrix compositions and the high solubility of rare earth oxides in
them, good chemical and crystallization stability, pronounced optical nonlinear
parameters, and a wide range of transparency from visible to medium IR [1-3].

To synthesize TeO,-based glasses of the TeO,-ZnO-La;03-Na,O-xEr,03
(TZLNEr), x=0-4 mol.% series, an original method was used to remove
hydroxyl groups from the glass-forming melt.

The glass transition temperatures for all studied compositions are close to
300 °C; glasses containing less than 2.3 mol.% Er,Os; are extremely resistant
against crystallization at a heating rate of 5 degrees, there are no thermal effects
of crystallization and melting on thermograms.

The transparency range of thin samples is from ~0.4 and ~6 pum, the
characteristic absorption bands of OH-groups with maxima of ~2.3; 3.3 and 4.4
microns are not distinguished for the most dehydrated glasses. An increase in
Er,O3 concentration does not lead to a noticeable change in the boundaries of
transmission region, but it does increase the absorption intensity in the
characteristic bands of Er®* ion.

By excitation at 975 nm, the luminescence bands of Er®* near 1.55 and
2.75 microns corresponding to the electronic transitions “*lizp—*li52 and
112—%132 were studied. The intensity and lifetime of the luminescence
increase with the concentration of erbium oxide and with a decrease in content
of hydroxyl groups.

Laser generation at a wavelength of ~2.7 um has been experimentally
demonstrated in fibers with erbium ions activated cores [2].

Acknowledgments: The work is supported by the Center of Photonics, a
Center of Excellence funded by the Ministry of Science and Higher Education of the
Russian Federation (075-15-2022-316).
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Zinc sulfide is a broadband A"BY' group semiconductor. This material is
used for the manufacture of cathode tubes, emission displays, scintillators [1], as
well as multilayer coatings material in optics [2]. The introduction of Fe ions
into the ZnS structure makes it possible to convert the spectral range into the IR
region and to create wide absorption and emission bands of semiconductors [3].

The initial crystalline ZnS, provided by the Institute of Chemistry of
High-Purity Substances of the Russian Academy of Sciences (ICHPS RAN),
was obtained by the CVD method. ZnS had a cubic sphalerite structure (F43m).
ZnS was preferably ground in an agate mortar under an argon atmosphere. The
purity of the ZnS preparation was better than 99.999 wt %, excluding gas-
forming impurities. The preparation of FeS was synthesized in advance
according to the method described in [4]. Studies of the solubility of Fe in ZnS
were carried out under bivariant equilibrium conditions. Annealing was carried
out in quartz ampoules, pre-evacuated to a pressure better than 10 Pa and
hermetically sealed. The synthesis of nonstoichiometric preparations was carried
out at 1323 K. The fast throw of ampoules into cold water after annealing made
it possible to ,freeze* the high-temperature equilibrium. The analysis of
dissolved Fe was carried out by the MS-ICP method. The concentrations of Fe
dissolved in ZnS preparations are shown in Table 1.

Table 1 — Results of Fe solubility in FeS at 1323 K

T zns, K T res, K X30Wwt %
1323 1005 2.4x107
1323 1256 2.6x107

1. J. P. Borah, J. Barman, K. C. Sarma, Chalcogenide Lett. T. 5, C. 201-
208, Ne. 9 (2008).

2. S. K. Shikh. Development of technology for creating a protective
coating based on zinc sulfide for holographic images (2012).

3. K.E. Fedorovich, K.I. Sergeevich, Alternative Energy and Ecology, C.
150-166, 10-11 (2015)/

4. K.A. Potapova, Z.A. Balandina, M.P. Zykova, et al., Advances in
chemistry and chemical technology. 256, Ne7 (2022).
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Polycrystalline IR light guides made of single crystals of KRS-5 (solid
solutions of thallium halides TIBroa4sloss) are known to be transparent in the
range from 0.5 to 45 um [1]. However, they are not widely used due to rapid
degradation caused by recrystallization of grains. Therefore, the search for new
materials transparent in a wide spectral range, stable under the action of
radiation, and non-degradable with time is an urgent task today.

The team of the scientific laboratory "Fiber Technologies and Photonics™
of UrFU in continuation of research of materials based on silver and thallium
halides [2], built and studied the phase diagram of melting of solid solutions of
the system TIBro4slos4 — AgCI, presented in Figure 1.

450

456

400

350 |

300

Temnepatypa, °C

L+R-3

250 |

200
R-3 + P6,mc + Pm3m 82

: Fm3m

L
R-3 + Fm3m | :
0 20 40 60 80 100
TIBro 6l s Mo, AgCl

Fig. 1. Phase diagram of the system TIBro sslo54 - AgCI
Single crystals with compositions of 90, 95, 98 mol % AgCl in TIBro.ssloss
were grown, optical ceramics with compositions of 6, 18 and 98 mol % AgCl in
TIBrossloss Were synthesized. New single crystals and ceramics of the system
TIBrossloss — AgCI are transparent up to 80 % without absorption windows in
the spectral range from 4.0 to 55.0 pm.
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1. T. Katsuyama, H. Matsumura, Infrared fiber-optic light guides / T.
Katsuyama, H. Matsumura ; transl. from English by V. G. Plotnichenko. —

Moscow : Mir, 1992. — 272 p.
2. D. Salimgareev, A. Yuzhakova, A. Lvov [et al.] Optical materials

Materials Science, Physics. — 2022. — Ne131 (1).
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LUMINESCENT HYBRID MATERIALS IN LEAD FLUORIDE SYSTEM
WITH ON ZINC 8-OXYQUINOLATE OBTAINED BY CO-PRECIPITATION
METHOD

P.V. Strekalov, E.V. Myagkova, K.I. Runina, O.B. Petrova
D.l. Mendeleev University of Chemistry and Technology of Russia,
Moscow
E-mail: strekalov_pavel@mail.ru

Hybrid materials (HMs) are promising as they are able to combine
different properties of organic and inorganic components to create materials
with unique functional properties. In our previous work, we have successfully
synthesised hybrid materials based on PbF,-containing matrices by co-
precipitation [1] using lithium 8-oxyquinolate (Lig). These materials exhibited
high luminescence efficiency coupled with a short wavelength spectrum,
indicating their potential for future applications.

In the preparation of lead fluoride-based hybrid materials, the initial
aqueous solution of lead nitrate and a solution of zinc bis-(8-oxyquinolate) Zng2
in ethanol were mixed in the first step of the synthesis. The concentration of the
lead nitrate solution Pb(NO3), was Cm; = 1.43 M and Cm, = 0.8 M. In the
second step of the synthesis, the precipitation of the final product was carried
out using an aqueous solution of ammonium fluoride as the fluorinating agent.
The co-precipitation resulted in powders with a crystal structure corresponding
to o-PbF; and small inclusions (not more than 2% by volume) of B-PbF,,
irrespective of the synthesis conditions.

Comparison of the normalised photoluminescence (PL) spectra of the GM
and the original Znq, powder preparation showed that the broad band (400-700
nm) of the luminescence was significantly shifted towards shorter wavelengths
(Amax=485-490 nm) compared to the original Zng, (Amax=505 nm), and an even
shorter wavelength component (Amax=420-440 nm) appeared after reverse
coprecipitation. The optical centres with Amax=485-490 nm can be related both to
the capture of Zng, molecules in different polymorphic modifications and to the
exchange reaction to form Pbg, or [PbgF]., which have a maximum at 500 nm.
And for the short wavelength component with Amax=420-440 nm, the
introduction of electron acceptor groups such as fluorine into the benzene ring of
oxyquinoline can be assumed, which can lead to a blue shift of the luminescence
wavelength of the resulting hybrid materials [2].

1. P.V. Strekalov, M.N. Mayakova, K.I. Runina, O.B. Petrova, Non-
Ferrous Metals, No. 10, 25-31 (2021).

2. Y.-W. Shi, M.-M. Shi, J.-C. Huang, et al., Chemical Communications,
No. 18, 1941-1943, (2006)
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EFFECT OF NANO- AND FEMTOSECOND IRRADIATION
ON THE LUMINESCENCE OF CSPBI; PEROVSKITE NANOCRYSTALS
IN BOROGERMANATE GLASS

A.N. Babkina, A.L. Losin, R.D. Kharisova, K.S. Zyryanova, V.A. Aseev,
A.D. Dolgopolov, M.M. Sergeev
ITMO University, St. Petersburg
E-mail: babkina.anastasya@bk.ru

The work demonstrates laser-induced nucleation of CsPbls perovskite
nanocrystals in a borogermanate glass matrix. The initial glass matrix had the
following composition: 6.67 Zn0O-5.81 Na;0-31.3 B,03-50.53 GeO; mol. %.
For the subsequent nucleation of CsPbls perovskite nanocrystals, CsCOs;, PbO
and KI were added to the glass batch. The source of femtosecond radiation was
ANTAUS femtosecond laser (AVESTA, operating wavelength of 1030 nm,
pulse duration of 224 fs, pulse repetition rate of 50 kHz, pulse energy 2.57 uJ,
the pulse quantity in the irradiated region from 500 to 500 000). The nanosecond
irradiation was made by LQ 529B pulsed Nd:YAG laser (532.8 nm, 10 ns pulse,
10 Hz, 190 mJ) (Solar Laser Systems). The initial glass did not provide
luminescence, but after exposure to laser irradiation, luminescence in the red
region was recorded. Fig. 1 shows the luminescence spectra obtained after laser
exposure of femtosecond (a) and nanosecond (b) duration. It has been shown [1,
2] that perovskite crystals precipitated only during the femtosecond laser
exposure and the subsequent heat treatment. During laser irradiation, perovskite
crystals with many defects were formed in the glass matrix, which led to
nonradiative transfer of excitation and hence luminescence quenching. In our
case, luminescence of perovskite CsPbls nanocrystals was observed immediately
after laser exposure, which is more promising for repeated recording and storage
of information in glass using principles of local crystallization.
=
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——1=0,05s
—1=0,01s

intensity, a.u.

0,0 — : : , ; :
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Fig. 1. Luminescence spectra of CsPbls nanocrystals in borogermanate glass obtained
after fs laser exposure with different duration at Ep = 2.57 uJ (a), and after ns laser (b).

The synthesis of the materials under study was funded by Russian Science
Foundation (Ne 24-72-10103).

1. K. Sun, D. Tan, X. Fang, u ap., Science. 375, 310 (2022).
2. Y. Teng, J. Zhou, G. Lin, u ap., Int. J. Optomech. 6(2), 179 (2012).
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STUDY OF NITROGEN AND BISMUTH INFLUENCE
ON THE PROPERTIES OF DILUTE MAGNETIC SEMICONDUCTOR
GaMnAs

D.A. Zdoroveyshchev, Yu.A. Danilov, E.I. Malyshev
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod
E-mail: danielzdoroveishev@yandex.ru

Currently, a search is underway for ways to modify the properties of
gallium arsenide, which could expand the range of its applications in the field of
nanoelectronics. One such method may be doping with impurities isovalent to
arsenic, for example, bismuth or nitrogen. The introduction of bismuth or
nitrogen into GaAs leads to a significant change in its properties. Thus, a
decrease in the band gap has been reported with the introduction of small
concentrations of bismuth [1]. A similar phenomenon is observed with the
introduction of nitrogen [2]. It is also known about the influence of these
isovalent impurities on the properties of the dilute magnetic semiconductor
GaMnAs, one of the promising materials for semiconductor spintronics [3—4].

In this work, the structures under study were obtained using two methods:
pulsed laser deposition (PLD) in a vacuum for forming GaMnAs structures, as
well as GaMnAs:Bi. GaMnAs:N samples were obtained by a combined method
consisting of PLD followed by nitrogen ion implantation with ion energy of 10
keV and varying irradiation doses. To anneal defects and electrically activate
manganese, the structures were subjected to pulsed laser annealing (PLA) using
a KrF excimer laser pulse with a variable energy density per pulse. For these
structures, the magnetic field dependences of the Hall effect and
magnetoresistance were studied in the temperature range of 7-300 K.

The work shows that GaMnAs:Bi and GaMnAs:N compounds are
ferromagnetic, and for these structures the Curie temperature decreases
somewhat compared to the initial GaMnAs layers. The introduction of bismuth
leads to a change in the magnetic anisotropy in GaMnAs, the coercive field and
magnetoresistance increase, which is consistent with the data [3]. For
GaMnAs:N layers, a similar increase in the coercive field is observed, which
may be due to the presence of residual defects after ion implantation, as well as
an excess nitrogen concentration, similar to that described in [4].

The research was carried out within the state assignment (project FSWR-
2023-0037).

1. A.R. Mohmad et al. Phys. Status Solidi B 251(6), 1276(2014).

2. L. Bellaiche, S.-H. Wei, A. Zunger, Appl. Phys. Lett.70(26), 3558
(1997).
3. T. Andrearczyk et al., Materials. 13(23), 5507(2020).

4. T. Manago, H. Akinaga, Jap. J. of Appl. Phys. 47(8), 6297 (2008).
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CHEMICAL COMPOSITION AND ELECTRIAL PROPERTIES
OF SiFe-BASED SYSTEMS

A.S. Shkapina, R.N. Kriukov, Yu.A. Dudin, M.V. Dorokhin, S.Yu. Zubkov,
A.V. Zdoroveyschev
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod
E-mail: alenashkapina@yandex.ru

A developing area of modern science is the research and development of
thermoelectric thermal energy converters. At present, scientists are searching for
materials that could improve the efficiency of these devices. The efficiency of
thermoelectric devices can be increased by using materials with a multiphase
structure, as well as by taking into account the effects of non-stoichiometry on
their performance characteristics [1]. Transition metal silicides are one possible
solution to these problems.

The studied samples of iron silicide were obtained by ion implantation on
the RADUGA-3M complex, using an accelerating voltage of 80 kV and a final
dose of 5 x 10'® cm. Next, a series of samples were subjected to rapid thermal
annealing (RTA) at a temperature of 1000°C for a duration ranging from 15
seconds to 900 seconds. To study the chemical composition and effectiveness of
Si-Fe bonding, we used X-ray photoelectron spectroscopy. Additionally, we
used the 3o technique to determine the thermal conductivity of the structures,
which affects the efficiency of the resulting systems.

Using depth profiling of the structures directly in the spectrometer, we
recorded the diffusion of iron deep into the sample. With an increase in the
annealing duration, the number of Fe atoms included in the Fe-Si chemical bond
decreased, which is probably due to the recrystallization of the silicon matrix.
These results allow us to estimate the optimal annealing duration for the
formation of structures with the largest number of Si-Fe bonds, which was 60
seconds. As the duration of RTA increases, the thermal conductivity decreases,
which may be due to the formation of metal-silicide complexes that block the
phonon modes that transmit heat [2]. This fact can be used to improve the
quality of the structures inversely proportional to the thermal conductivity.

The work was supported by the Ministry of Science and Higher Education
of the Russian Federation (State Assignment FSWR-2023-0052).

1. Yu Jian et al., Journal of Materials Science: Materials in Electronics,
31, 2139 (2020).

2. D.M. Rowe, Thermoelectrics Handbook. Macro to Nano. — NY: CRC
Press, 2006.
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SPECTRAL-LUMINESCENT PROPERTIES OF THE Nd-CONTAINING
OXYFLUORIDE GLASSES

V.V. Kouhar'?, M.Z. Zijatdinova3, L.S. Plekhava?
1B.1. Stepanov Institute of Physics of the NAS of Belarus, Minsk
Belarusian State University, Minsk
3 D.I. Mendeleev University of Chemistry and Technology of Russia, Moscow
E-mail: v.kouhar@ifanbel.bas-net.by

Glasses activated by rare-earth ions are widely used in laser technology,
integrated and fiber optics [1]. However, one of the sources of luminescence
guenching for such ions in oxide matrices is hydroxyl groups (OH"). It was
shown [2] that barbotage of their melt by dry oxygen is sufficient to reduce the
concentration of these groups in the entire sample volume of yttrium-aluminum-
borate glasses. This treatment has no influence on the efficiency of intracenter
luminescence quenching, since it does not lead to changes in the ligand
structure. In addition, huntite-like glasses are characterized by the record large
minimum possible distance between Ln-Ln~ 0.67 nm [3], and, therefore, have
the reduced cross-relaxation efficiency. The aim of this work is to develop new
Nd-containing oxyfluoride yttrium-aluminum-borate glasses with a reduced
content of the OH—groups.

It has been shown that fluorination of yttrium-aluminum-borate glasses
with composition close to the stoichiometry of huntite doped with neodymium
leads to an increase in the specific absorption coefficient of the Nd** ions. For
the glasses with the concentration of neodymium (I11) oxide 0.1 mol. % (by
synthesis) in the spectral region from 780 to 950 nm, the increase in integral
luminescence intensity by 25-30 % was observed at all excitation wavelengths,
whereas its decrease by 10-20 % occurred at the concentration of 5.0 mol. % (in
comparison to the non-fluorinated samples). This enhancement of luminescence
quenching of Nd3* ions is the evidence of decrease in the minimum distance
between the activator ions in the synthesized glass. It is interesting that at a low
concentration of neodymium, the broad luminescence band the maximum at
~ 450 nm was registered, as a rule, appears only in crystals.

The mode and conditions of additional heat treatment of Nd-containing
oxyfluoride yttrium-aluminum-borate glasses have been selected, which makes
it possible to reduce absorption in the region of fundamental vibrations of
OH —groups by a factor of 3, as well as to increase the luminescence intensity in
the bands 2Hg,+*Fs; — *lg2 and *Fs» — 4lg» of Nd3* ions.

N. Santos et al., J. Appl. Phys., 106, 023512-1-6 (2009).

1.C.
2. G.E. Malashkevich et al., Opt. Mat, 76, 253-259 (2018).
3. G.E. Malashkevich et al., Mat. Chem. and Phys., 137, 48-54 (2012).
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DETERMINATION OF THE MICROHARDNESS NUMBER OF OPTICAL
MATERIALS OF THE AGCL-KRS-5 SYSTEM

E.Y. Kabykina, P.V. Pestereva, L.V. Zhukova
Ural Federal University named after
the first President of Russia B.N. Yeltsin, Ekaterinburg
E-mail: e.iu.kabykina@urfu.ru

The determination of microhardness is one of the main steps in measuring
the mechanical properties of new materials. This work presents the results of a
study of infrared materials based on silver and thallium halides of the AgClI-
TIBro.4slos4 System. Optical materials based on silver and thallium halides have a
wide transmission range, plasticity, non-hygroscopicity, as well as high photo-
and radiation resistance [1]. They are used to produce lenses, windows, and light
guides operating in the infrared range.

The Vickers method was used to study the microhardness of single
crystals and optical ceramics of the AQCI-TIBrossloss System [2]. This
measurement method is simple and versatile. The PMT-3M installation on
which the study was conducted was calibrated by determining the hardness
number of a table salt crystal (NaCl) in accordance with the reference data. The
study was carried out on samples of single crystals of composition 80, 90, 95, 98
wt. % AQCl in TIBrossloss and optical ceramics 3, 6, 9 wt. % AgCl in
TIBro.ssloss. The microhardness was measured by pressing a diamond pyramid
with an angle at the top of 136 ° into the material under study under a load of
0.98 N with an exposure time of 15 s. The indentation depth of the indenter in
determining the microhardness of the studied single crystals and ceramics is
several micrometers at a load of 100 g, therefore, the hardness of the materials is
measured in gs/mm?,

As a result of the microhardness measurement, the dependence of the
hardness number values on the composition was revealed. With an increase in
the AgCl content, the hardness number decreases from 53.2 to 13.2 for
compositions 3 and 98 wt. % AgCIl in TIBrossloss correspondingly. The
coefficient of variation (measurement error) for single crystals is up to 5%, and
for optical ceramics up to 10%.

1. L. Zhukova, D. Shatunova, D. Salimgareev, A. Yuzhakova, A. Kor-
sakov, P. Pestereva, Journal of Crystal Growth. 627, 127528 (2024).

2. A. A. Teploukhov, Measurement of microhardness of surface layers of
materials: method. instructions, Omsk: Publishing house of OmSTU, 2017.
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MODELING AND MANUFACTURING OF SINGLE-LAYER FIBERS
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The development and manufacture of infrared fibers, as well as the study
of their optical properties, is an urgent task of modern fiber optics and photonics
due to a wide transmission range without absorption windows. For many years,
the scientific laboratory of Fiber Technologies and Photonics has been
developing optical materials based on silver halides and monovalent thallium
with high functional properties, designed for IR spectroscopy, IR pyrometry,
laser and medical technology, thermal imaging, as well as fiber optics and
photonics. Currently, the laboratory has developed algorithms for modeling
optical fibers and the extrusion process of single-layer optical fibers based on
systems AgC|o_25Bro_75 - TlBl’o,46|0,54 and AgC|0,25Br0,75 — T|C|o,74BI’o,26. To
achieve this goal, finite element modeling was used in COMSOL Multiphysics
software using embedded interfaces. Modeling of fibers and the extrusion
process allows you to select the optimal modes of manufacturing optical fibers,
as well as calculate the thermophysical and mechanical parameters associated
with the extrusion process [1].

Fiber materials AgC|o,25Bro,75 — TIBr0,46I0,54 and AgC|o,2sBro,75 —
TIClo74Bro2s showed high energy levels (up to 3.45 kW/m?) at low optical loss
values (up to 0.09 - 10 dB/m for LPO1 mode) Based on the results of modeling
the extrusion process and the obtained technological modes, polycrystalline light
guides of the composition 3 and 93 mol. % TICly 74Bro26 in AgClo2sBro.zs, 3, 6
and 9 mol. % TIBrosloss in AgClo25Bro75s were manufactured. The study of the
optical properties of the fibers showed that the spectral transmission of the
samples depended on the composition. Fiber materials AQClo2sBross —
TIClo.74Bro .26 are transparent from 3.0-4.0 to 15.0-25.0 microns, and the fibers of
the system AgClo2sBro7s — TIBrossloss are transparent from 3.5 to 28.0 microns,
and the fibers of the system. In the fibers of the composition 93 mol. %
TIClo.74Bro26 in AgClo2sBro7s grain recrystallization was observed within a few
hours after manufacture, which led to their destruction. The minimum optical
losses were 0.2 dB/m (at wavelengths of 11.2 — 14.7 microns) for fibers based
on solid solutions AgClo25Bro.75 — TIClo.74Bro26 and 0.8 dB/m (at wavelengths of
10.0 — 14.0 microns) in the case of fibers of the system AQClo2Brozs —
TIBro.46lo.54.

1. A. Yuzhakova, D. Salimgareev, A. Lvov, et al., Opical Materials. 131,
112687 (2022).
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The phase diagrams of the AgC|olgsBr0,75 — TlBr0,46|0,54 and AgC|0,25Bro,75 —
TIClo.74Bro 26 Systems are characterized by unlimited solubility in the liquid state
and limited solubility in the solid state. In each of the diagrams, two regions of
homogeneity are observed — boundary solid solutions based on AgClo25Bro s,
TIBrosloss or TIClp74Bro2s, as well as heterogeneous regions of two phases
based on boundary solid solutions and rhombic phases (Fm3m+R-3 and
Pm3m+R-3). In these areas, it is possible to obtain various polycrystalline
optics. Since these materials are transparent from the visible to the far infrared,
the size of the crystallites can significantly affect transmission. In this regard, it
was necessary to investigate the dependence of the crystallite sizes and
microstress on the composition. According to the data of X-ray phase analysis,
the values of crystallite sizes and micro-stresses in cubic phases were calculated.
For this purpose, the Scherrer equation and Williamson-Hall models [1] of the
UDM [2], USDM [3], UDEDM [4] types were used. X-rays were obtained at
Rigaku MiniFlex 600 installation, modes: anode — Cu; CuKa radiation with a
wavelength of 1,541862 A; shooting range from 3° to 90°; pitch 0,02°; scanning
speed 10°/min. The X-ray images were processed using specialized software
Rigaku PDXL XRD analysis software with an error of measuring the parameters
of the crystal lattice £ 0,002 A. According to the calculations carried out, the
size of crystallites in cubic phases for both systems decreases when approaching
the eutectic point only according to the Scherrer model (from 80 to 17 nm),
according to other models no clear dependence is observed.

1. V. Mote, Y. Purushotham, B. Dole, J. of Theor. and Appl. Phys. 6, 1
(2012).

2. V. Biju, N. Sugathan, V. Vrinda, et al., J. Mater. Sc. 1, 43 (2008).

3. Z.A. Khorsand, W.H. Abdul Majid, M.E. Abrishami, R. Yousefi, Solid
State Sci. 13 (2011).

4. H. Irfan, K.M. Racik, S. Anand, J. Asian Ceram. Soc. 6, 1 (2018).
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ZINC-TELLURITE GLASSES FOR FIBER-OPTIC APPLICATIONS
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S.V. Muravyev?, M. Y. Koptev?, V.V. Koltashev?
1 G.G. Devyatykh Institute of Chemistry of High-Purity Substances of the RAS,
Nizhny Novgorod
L A.V. Gaponov IAP RAS, Nizhny Novgorod
3 Prokhorov General Physics Institute of the RAS, Moscow
E-mail: sharafeev@ihps-nnov.ru

Glasses used for the manufacture of optical fibers must be highly
transparent in the target wavelength range, resistant to crystallization, have the
ability to modify the refractive index, and activate rare earth ions in the required
concentration. Some compositions of zinc-tellurite glasses are suitable for the
near and middle IR ranges.

The synthesis of a series of glass compositions based on TeO2-ZnO, with
the addition of modifying components such as Al203, Na20 and Bi203, was
carried out inside a sealed quartz glass reactor in a flow of purified oxygen.
Thermophysical properties, transmission spectra and spectral dependences of the
refractive index were investigated.

Glasses of the TeO2-ZnO-La203-Na20 system have the greatest
resistance to crystallization. According to DSC data, the thermal effects of
crystallization and melting of crystals are absent in the best compositions, even
at low heating rates of 5 and 2.5 K/min. The glass transition temperature is near
300 °C and, hence, the viscosity of the glasses practically does not depend on
the concentration of ZnO within the range of 10-20 mol%.

The transmission level of thin-film glasses is greater than 20% in the
range of 0.4 — 6.2 um. Absorption bands of hydroxyl groups with maxima at 2.3,
3.3 and 4.5 um are present in the spectra of non-dehydrated samples. Using the
original dehydration method, samples with a record-low absorption of hydroxyl
groups at levels 0.001-0.002 cm™ in a band at ~3.3 pm were obtained.

It has been shown that it is possible to effectively modify the refractive
index by changing the concentration of zinc oxide.

The possibility of alloying developed matrix compositions with REE
oxides in concentrations of up to several mol.% has been established. Optical
fiber with a step refractive index profile, including fibers activated with erbium
ions with optical loss of no more than 0.5 dB/m in the wavelength range of 1.7
to 2.7 um, have been successfully produced.

Acknowledgments: The work is supported by the Center of Photonics, a
Center of Excellence funded by the Ministry of Science and Higher Education of the
Russian Federation (075-15-2022-316).
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Crystals doped with europium ions are characterized by luminescence
bands in the visible region and are often used as efficient crystalline phosphors.
The luminescent properties of such phosphors can be attributed by optical
transitions between the energy levels of Eu** and Eu*" ions.

In this paper, the results of the phase composition and spectral-
luminescent characteristics of the concentration series of ZrO;-xmol.%Eu,03
crystals (where x = 4, 6, 8, 10, 12, 15, 20, 27) are presented.

It has been found that ZrO,-xmol.%Eu,Os; crystals (x = 4, 6) are
characterized by a tetragonal structure. ZrO,-8mol.%Eu,O3 crystals exhibit a
mixture of cubic and tetragonal phases. ZrO;-xmol.%Eu,Os; crystals (x = 10, 12,
15) have a cubic structure, while ZrO,-27mol.%Eu,0O3 crystals are biphasic,
containing a cubic modification and a pyrochlore phase.

Using optical and EPR - spectroscopy methods, the presence of color
centers and Eu?" ions in the concentration series of ZrO»-Eu,Os3 crystals after
growth has been identified.

It has been shown that in ZrO,-xmol.%Eu,O3 crystals (x = 4-15), the
dominant optical centers of Eu®*" ions are eight-coordinated by oxygen, with
vacancies in the second and further coordination spheres. In ZrO,-
20mol.%Eu,0; and ZrO,-27mol.%Eu,03 crystals, six-coordinated optical
centers of Eu** ions have been identified.
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Wousl Er* B 1ocTaTodyHO 00€3BOKEHHBIX OKCHAHBIX  CTEKJIAX
xapakrepusyrorcss 0au3kuM K 100 % KBaHTOBBIM BBIXOJIOM JIFOMUHECIICHIIUU B
nonoce *lizp — 4lisp, npuxonsmeiics Ha 001aCTh MUHMMAJIBEHBIX COOCTBEHHBIX
ONTUYECKUX TMOTEPh KBAPIIEBOI'O CTEKJIA. DTO IMO3BOJSAET TaKUM CTEKIAM YiKe
6osee 40 et ocTaBaThCS BHE KOHKYPEHIIMM Ha PHIHKE aKTHUBHBIX MaTepUaiOB
JUISl YCWIIUTENIeH B ONMTOBOJIOKOHHBIX JIMHUSX CBS3U CO CBETOBOJAMHU Ha OCHOBE
KBapiieBoro crekia. OHako nepMaHEeHTHAs HEOOXOIUMOCTh YBEIMUCHUS YUCTIa
CIIEKTPAJIbHBIX KaHAJIOB, MCIIOJB3YEMbIX NJIs Tepenadu uHdopmaiuu, Tpedyer
paclIMpeHns YKa3aHHOM MOJIOCH JTIOMUHECIIEHIMN HOoHOB Erd*,

K mnactosimemy BpemeHu Haubojee BBICOKME 3HAYCHUS IOJYIIMPUHBI
(AL) momocel mromuHecueHIMH “lizp — *lisp (A=1530 HM) wuono Erd*
JOCTUTHYTBI JUIA CTeKOJN Ha ocHoBe SPy03—B,0s; (76-91 um) [1],
PbO-ZnO-B,0; (~ 87 um) [2] u ZrF,—BaF,—AlFs—NaF-LaF; (~ 82 um) [3].
Opnako JaHHBIE CTEKJIA 3HAYUTENBHO OTIMYAIOTCS CBOMMHU  (DU3MKO-
XUMHUYECKUX CBOMCTBAMU OT KBaplLIEBOTO CTEKJA, YTO MPEMSTCTBYET CBapKe
COOTBETCTBYIOIIMX AKTUBHOTO M TACCHBHOIO CBETOBOJOB C oObOecreueHrueM
HU3KUX BHOCHUMBIX motepb (= 0,1 116). B oTiamdue oT mepeyucieHHbIX CTEKOJI
NOJyIIMPUHA 3TOW TOJIOCHI B KBapIEBbIX CTEKJIAX COCTaBisieT ~ 25 HM B
OTCYTCTBUE JOTIOJHUTEIBHBIX JIETUPYIONIUX DJIEMEHTOB WU =~ 38 HM mpH
cosierupoBanum amomuHueM [4]. Tlostomy 3amaua yBenuueHHs AA TIOJIOCHI
1132 — *l15/2 moHOB Er®* B KBapIEBBIX CTEKIAX OCTAETCS aKTyalbHOM.

HenaBHo coobmianock, 4To Ajid YHIMPEHHsS] pacCMaTPUBAEMOM MOJIOCHI
NEPCIIEKTUBHBIM SIBISICTCS (OPMHUPOBAHUE CIIOXKHBIX ONTUYECKUX IICHTPOB,
BKJIIOUAIOIIUX B C€0S MOHBI 3pOMs, a TaKKe MeTajlyla C BBICOKUM JIOKAIbHBIM
MOJIEM U IIEJTOYHOr0 METaJlIa C HU3KOM MPOYHOCTHIO XUMHUECKOMN CBSI3U MEXKIY
HAM U KuciaopoaoM [5]. OcCHOBBIBasiCb Ha OTOH KOHIICTIIMH, HaMH OBLI
CUHTE3UPOBAH 30JIb-T€JIb METOJIOM pAll Er-copepkammx KBapueBbIX CTEKOM, T1e
B KayeCTBE MeTa/ljla, MOHBI KOTOPOTO 00JIa/Ial0T BHICOKUM JIOKAJIHHBIM TOJIEM,
UCIOJB30BAINCh XPOM U HHUKEIb, W HUCCIEJOBAaHbl MX CIEKTPAIbHO-
JIOMUHECUEHTHbIE cBoMcTBa. (DakTopamu, MNOBIMSIBIIMMU Ha BBIOOp 3THX
METAJIJIOB, SIBJSUIMCh MaJjblii HMOHHBIA pagnMyC TPU BBICOKMX CTEMEHSX
OKHCJIEHUSI M BO3MOYKHOCTb MX JIIOMUHECIEHIMUA B OKCHUJHBIX MaTpULAX, 4YTO
MO3BOJISIET PACCUUTHIBATh HA CEHCHOWIM3AIUI0O MMM JTIOMHHECIICHIIMH HOHOB
Er,

Ha puc. 1 npuBeeHbl «kKBAHTOBBIE» CIIEKTPHI JIOMUHECUEHIINY (BCTaBKA)
nu e€ BO3OYXIEHUS CHUHTE3UPOBAHHBIX KBApLEBBIX CTEKOJ CHUCTEMBbI
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Er,03—-Cr03—-Al;03—-Li,0-SiO,. Bunno, uro cnekrp nx MK-momuHecneHmmn
npeacTasnser coboil 06ycnosnennyo nommapamu [CrO4]3 mmpoxyro monocy
C Amacc ® 1400 HM [6], Ha JIMHHOBOJIHOBOE KpPBUIO KOTOPOW HAKIaJbIBACTCS
nonoca *liz;z — *lis;; monos Er¥* (cm. xpusele 3-5). Ilpu 3TOM HONOKEHUE M
dopMa mosoc BO30YXKIEHUS JIOMUHECUEHLUH, PETUCTPUPYEMOM Ha IMHAX
BOJIH Aper = 1530 1 1350 HM, cymiecTBeHHO paznuyatorcs (cp. kpussie 1 u 2). B
YACTHOCTHU, Amaxc JVIMHHOBOJIHOBOM MOJOCHI BO30YXIE€HHS, OOYCIOBICHHOM
MOHAMM XPOMa, IIPY PETUCTPAlMM B II0JOCE TIOMHHECHEHIUH “lizp — *lisp
OKa3bIBAETCS CABUHYTHIM B KPACHYIO CTOPOHY MNpUOIM3UTENbHO Ha 20 HM.
Jauublii  QakT CBUIETEIbCTBYET, UTO JIMIIb 4YacTh HOHOB  XpOMa
CEHCHOMIM3UPYET JTIIOMUHECIEHIMIO MOHOB Er¥*. Pasznmuume sdextuBHON AL
nonockl  *lizp — *lisp mocnemHux (54 HM) ¢ OJHOMMEHHOH BEIMYMHOI,
MOJYYEHHOMU MIPH IJTUHE BOJHBI BO3OYKICHUS Anoss = 520 HM, cocTaBstoieit 46
HM (KpuBbI€ 4 1 5), O3BOJISIET CAENATH BBIBOJI, YTO 3TA «CEHCUOMIM3UPYIOILIAsDH)
yacTb MOHOB Xpoma BxoauT B Cr—Er-nentpsl. 3ametuMm, 4to NeWCTBUTEIbHBIC
3HaueHuss AL OyayT BbIIIE, TMOCKOJBKY B JKCHEPUMEHTE HE YUYHUTHIBAJIAChH
moMuHecteHnus ¢ A > 1610 HM u3-3a c1aboif YyBCTBUTEIBLHOCTH MPUEMHUKA.

Intensity (a. u.)
(93]

1 "~ 1200 1400 1600

600 700 800 900 1000
L (nm)
Puc. 1. KBaHTOBBIC CIIEKTPHI JIIOMUHECIIEHIINN (BCTaBKA) U €€
BO30YKICHHS U KBapIECBOIrO CTeKa, coieruposannoro Er, Cr, Al u Li.

Aaoss, HM: 380 (3), 420 (4), 520 (5); Aper, HM: 1530 (1), 1350 (2).

1 1 T
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Ha puc. 2 wu300pakeHbl CHEKTp MOIJIOLIEHUS, HOPMUPOBAHHbIC
KBaHTOBBIC CIIEKTPHI JIIOMHUHECIICHIIMU (BCTaBKAa) W CHEKTP BO30YXKIEHUS
momuHeceHnuu  cTekonl  cucteMbl  ErO3—Al,03—NiO-MgO-Li,O-SiO; u
Er,03—Al;03—NiO—- MgO-Na;O-SiO;. Kak BHIHO, CIEKTp TOTJIOMICHUS
nmepBoro  crekina  (KpuBas 1) npencraBien  Tpemss — MIMPOKUMH
MEPEKPHIBAIOIITUMHUCS TIOJIOCAMH C Ayaxe = 430, 520 u 600 HM. OTtcyTcTBHE
nonockl mpu 520 HM B abcopOIMOHHOM criekTpe Kak crekon ¢ Ni%*, tak n ¢ Ni¥*
[7] nosBomsier cBsazath €& c¢ momamm Ni**. Crnemyer ormeTuTh, 4TO IpH
Asoss =430 HM 3TO CTEKIO JEMOHCTPHUPYET CJa0yl IIHMPOKOMOJOCHYIO
(AL = 150 HM) JTFOMUHECTICHITHIO C Ayaxc & 500 HM. B UK-00nacTi Habmrogaercs
JIULIB JIFIOMUHECLEHIUs HoHOB Er¥* (cMm. kpuBkie 3, 4), npuuéM 3amena Li na Na
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B TAaKOM CTEKJIE COINPOBOXKJIAETCS yBeIMueHUueM ero 3dpdextuBHoit AA ¢ 53 1o
62 uM. JlaHHbIN (HaKT CBUACTEILCTBYET B MOJIb3Yy KOPPEKTHOCTH UCTOIb3yEeMOI
KOHLENIHH, YKa3aHHOU B BBOJIHOM YacCTH.

Intnsity (a. u.)
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Puc. 2. Cnexrp nornomenus (1), KBaHTOBbIE CIIEKTPHI JIIOMUHECLEHIIUU (3, 4) U
e€ Bo30y»aenus (2) i KBapleBbIX CTeKo, cojerupoBanubix Er, Al, Ni, Mg, Li
(1-3) m Er, Al, Ni, Mg, Na (4). Asoss, EM: 520 (3, 4); Aper = 1530 HM (2).

3mech cleayeT OTMETHTh, YTO B KBapIEBbIX CTEKIAX CHCTEMBI
Er,03—Al;03—Gaz03—NiO-Li,0-SiO, BO3MOXHa MPOM3BOJIbHAS pealn3alius
ontuueckux HeHTpoB Ni?*, 0 4éM CBHIETENBLCTBYET MOSABICHHE MPUCYLIEH UM
MOJIOCHI JIFOMUHECHEHIIUU C Ayacc ® 1400 HM, COOTBETCTBYIOIIEH IEpEeXOay
3T5(F) — 2A2(’F) nonos Ni?* [8] (cm. puc. 3). O6pamaer Ha cebGs BHUMaHUE
Taxke (paKT CEeHCHMOMIM3alUK STUMU MOHAMH JIOMUHECIEHIMU HOHOB Er**, Ha
YTO yKa3bIBa€T OTCYTCTBUE COOCTBEHHOM MOJIOCH BO30YKICHUS TOCIEIHUX MPU
A =320 Bm (cm. puc. 2, kxpuBas 2). OpHako 3h(EKTUBHOCTH TaKOU
JIOMUHECIICHIIMM B TOMOTEHHBIX CTEKIIaX SIBISIETCS BECbMa HU3KOMW, MOCKOJIBKY
Ipu BO3OYXKJIEHWU B I0J0CAX TOTJIOIICHUS Ni%* B Bumumoit u MK obmacTsax
crekTpa e€ 3aperucTpupoBaTh He ynaamoch. OTMeTHM, YTO 3HAaY€HUE
3} (heKTHBHON AL MOJNOCH! CEHCUOMIN3MPOBAHHOMN TIOMUHECLIEHIIMU HOHOB Erd*
COCTaBIIICT ~ 55 HM. DTO MO3BOJISIET MOJaraTh OTCYTCTBUE BXOXKJICHHSI MOHOB
Ni?*, obnajmamomux ciaadblM JIOKAJIBHBIM II0J€M, B OJKaiilliee OKpy)KeHue
noHos Er¥",

Takum oOpazoM, ¢opMHupoOBaHHE B KBapIEBOM CTEKJIE CIOKHBIX
ONTUYECKUX IIEHTPOB, BKIIOYAIONINX B CEOs1 MOHBI HpOUS U METaJia C BHICOKUM
JIOKAJBHBIM JJCKTPHUUECKUM TIOJIEM, a TaKKe MIEJIOYHOTO0 METajla ¢ HU3KOM
MPOYHOCTHIO XHUMHYECKOW CBSI3M MEXKIY HHM H KHCJIOPOJOM TIO3BOJISET
peanmm3oBaTh  d(PPEKTUBHYIO  MONYMIUPUHY  TOJIOCHI  JTFOMUHECIICHIIUH
132 — *l15/2 monoB Er** Gosee 62 Hwm.
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Puc. 3. KBaHTOBBIi CIIEKTp JIFOMMHECLIEHLIUU KBAPIIEBOT'O CTEKJIA,
conerupoBannoro Er, Al, Ga, Ni, Li. Asoss = 320 HM.

Pabora wactuuHOo mnojaepkaHa bemopycckuM pecryOIMKaHCKUM
dongom dyHmameHTanbHBIX uccienoBaHuil (rpanT Ned23B-011) u HayyHo-
TexHuyeckod  mporpammoit  Coro3Horo  rocygapctBa  «KommnoHeHT-D»
(meponpusitue 3.1).
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KOMITAKTHBIE JIASEPBI HA OCHOBE KPUCTAJIJIOB C P35 NOHAMMU
BUANMOTI'O CIIEKTPAJIBHOI'O JUAITA3OHA
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Hcnonw3oBanue TBEpPAOTEIbHBIX JIA3€POB HAa HOHAX PEIKO3EMETbHBIX
anemeHToB (P3D) ¢ Hakauykoil MOJIyPOBOAHUKOBBIMU JIa3epaMu JalOT BO3MOXK-
HOCTh co3/1aBaTh A()PEKTUBHBIE KOMIAKTHBIE YCTPOUCTBA, paboTarolue Ha pas-
JUYHBIX JyrHaX BojaH B OmmkHeMm UK cnektpanpHbIXx auanazonax. s Bu-
JUMOT0 JTMarna3oHa OOBIYHO HCMOJIB3YIOT HEJNIMHEHHOEe MpeoOpa3oBaHUE H3IY-
YEHUsl MyTEeM TEeHEpallMi TapMOHHMK WJIM MapaMeTPUUYECKOro mpeoOpa3oBaHUs,
YTO COMPSDKEHO C HEOOXOIUMOCTBIO MOJJEpKaHUs YCIOBUN (ha30BOro CHH-
XpOHM3Ma H cTabuiu3anuu TeMmrnepatypbl. [lodTomy OombIIolN HHTEpeC
IpeACTaBIsSeT CO3/laHWe Jia3epoB Ha wHoHax P33, paromux KorepeHTHOe
U3JTy4eHUE B BUJAMMOM CIIEKTpaJbHON 00JIacTH.

Cpeau P33 ormerum nonsl Pr3*, Sm®, Dy®*, Tb3*, Ho*', Er¥*, B koTopsix
CYIIECTBYIOT METAacTaOWJIbHBIC DHEPreTHUYECKUE YPOBHH, MEPEXOJ C KOTOPBIX
naét usnydeHue B BuAMMOM criektpe [1]. Jms ux Bo30yxkaeHUs HEOOXO0IUMO
UCIIOJIB30BaTh M3JIyUCHUE U3 CHHEW W yIbTpaduosieTOBOM oOjacTed CIeKTpa,
KOTOpPbIE MOTYT MOMACTh B MOJIOCY (DYHIAMEHTAIHHOTO TOTJIONICHUS MATPUIIHI.
Jlist 3TUX ypoBHEH YacTO HAOMIOAAIOTCS HU3KUE CEUYEHUsSl TOIJIOUICHUS H
JIOMUHECLICHIIMM, YTO OTPaHUYHMBAET BO3MOXKHOCTH CO3JaHMs 3(P(HEKTUBHBIX
BUJIMBIX JIa3€POB.

[Ipy wuCMONB30BaHUU CO-aKTUBHPOBAHHBIX KPHUCTAUIOB BO30YKIEHUE
MOKHO pe€aju30BaTh 3a CYET IIPOILIECCOB al-KOHBEPCHUH, TO €CTh IIyTEM
neperayu dHEPrud BO30YXKIEHUS OT HECKOJbKMX HOHOB-JOHOPOB Ha HOH-
akmenTop ¢ OoJblel 3Hepruei Bo3Oyx aeHUs. TakuM HOHOM-IOHOPOM MOKET
BEICTyHaTh HOH Yb3*, B KOTOpOM Bcero oimH BO30YXKIEHHBIH YpOBEHb °Fs2, C
BPEMEHEM >KU3HHU MOpPsJIKa MUJUIUCEKYHI. OTCYTCTBHE BBICOKOIHEPTETHUECKUX
ypOBHEH MPHUBOJIUT K OTCYTCTBUIO MOTJIOMICHUS U3 BO30YKIEHHOTO COCTOSHUS.
MotnHble TOTYNPOBOIHUKOBBIE J1a3ephl Ha ocHoBe GaAS C UIMHOW BOJIHBI
redepanuu 940-980 HM MMPOKO UCTIOIB3YIOTCS I BO3OYKICHHS UTTEPONEBBIX
AKTUBHBIX CPE/I.

B noknane paccMoTpeHbl BOIPOCH CO3JaHUs Ja3epOB HA OCHOBE MOHOB
Tb3*, Pr¥*, Er** ¢ Bo30yK/IeHHEM CHHMMHM IOJYNPOBOJAHHKOBBLIMH JHOAMH,
JOCTUTHYTBIE MOILIHOCTH B Pa3JIMUHBIX PEXKUMax reHepalud, a TaKKe 0COOEH-
HOCTHU PabOTHI J1a3epOB NPH all-KOHBEPCHOHHOM BO30Y:k1eHnn nonamu Yb3",

PaGota BeImonHeHa 3a cuet rpanTa Poccuiickoro HaydHoro oHIA, TPAHT
Ne 23-29-00627.
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Electron. 84, 100411, (2022).

2. N.K. Giri, S.B. Rai, A.Rai, Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 74, 1115 (2005).
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CHUHTE3 1 OIITUMECKWE CBOMCTBA OJIMBUHA NaYGeO,,
JOITMPOBAHHOI'O MIOHAMU Tm?*", Ho*

A.A. MenennoBa, O.A. Jlununa, A.1O. Uydapos, A.A. TIOTIOHHUK,
B.T". 3yOkoB
Hncmumym xumuu meepoozo mena ¥YpO PAH, Examepunoype
E-mail: amelentsova@gmail.com

OmuBurbsl NaYGeO, nomuposannbie moHamu Tm3*, Ho®" mpencrasmsror
MHTEpEC B KauecTBe npeoOpa3zoBareseil n3nydeHus IiauHbl BoiaHbl 808 HM B UK
nuara3oH nopsaka 1.6-2.1 MkwM, a Takke Jla3epHbIX cpel. B HacTosmieit padote
Ipe/ICTaBlIeHbl JIaHHbIE O CHHTE3y M ONTHYECKUM CBOMICTBaAM TI'€pMaHATOB
NaY 1-x TmyGeQOg4 (X = 0.0—0.2), NaYo,ss-meo,lsHOXGEO4 (X = 0.0—0.055).

CoenuHeHusi TOJMYyYEHbI IUTPATHBIM METOJIOM, aTTECTOBAaHbI METOIOM
P®A, xpuctainusyrorcss B opropoMOuyeckord cuHronuu np.rp Pnma, Z =4.
DOmuccuonnbie cnekTpbl (Aex = 808 nm) NaYixTmxGeOs comepxanu aBe
MIUPOKUE TModockl ¢ Makcumymamu npu 1.475 m 1.9 MKkM BbI3BaHHBIE
nepexoaaMu 3H4—°%Fs; u °Fs—3%He, cootBercTBeHHO. U3 KOHIIEHTPAIMOHHOM
3aBUCUMOCTH JIIOMHHECIICHIIMM pPAacCYUTaHa TMOCTOSHHAS MYJIbTUIIOJIBHOIO
B3aMMOJICHCTBUSI, KOTOpas CBUACTEIbCTBOBAJIA O MPOTEKAHWU JUMOJb-
JUTIONIHOTO TUIIAa B3auMOeHCcTBUSI. Ha OCHOBaHMU 3TOT0O M CKOPOCTH MEepeHoca
sHeprud Wrms+—Tm3+ MOKa3aHO,YTO 00a Mepexoja SBISIOTCS MHIPAIMOHHO
yckopeHHbiMH. C yBenuueHueM X, Wrms+—Tma+ POC/Ia M JOCTHIaNIa PABHOBECHS
npu X = 0.15. HauGosnpleit MHTEHCUBHOCTBIO JIIOMUHECHIEHIIMU 001a/1all COCTaB
NaYo.ssIMo15GeOs ucxons w3 3TOro, ObUIM BHIOPAHBI CTEXHOMETPUYCCKHE
COOTHOIIEHHS JUIi CONONMpOBaHMA HoHamMM HO®*. DMHCCHOHHBIE CHEKTpEI
NaYo.gs-xTMo.1sHOxGeOs copepkanu MUPOKYIO TMOJOCY B auana3oHe 1.64 —
2.24 mxm (puc.la) BeI3BaHHYIO nepexofamu °F4 — 3Hg (Tm3), 517 — 3lg (Ho®)
(puc.16). C poctoM KoHueHTpauuu HO®* mpoucXomuno yMmeHblIeHHME BKIaja
guanu npu 1.9 mxm u poct npu 2.1mxm g0 X =0.03-0.035 mocie dero
IIPOUCXOJIMIIO KOHIIEHTPALMOHHOE TylieHue. Bo30yxaenne Ho®" mpoucxomuio
B pe3yJIbTaTe MUIPAIlIMOHHO-YCKOPEHHOM Kpocc-penakcanun Tyaus ((Hqs—3F;) ¢
nocnenyromeil nepepadeil smeprum  °F4 (Tm®*) —°lg (Ho*). Cxopocts
nepeHoca 3Heprud Wrms+—Ho3+ OblIa paccuMTaHa M YMEHbLIAJIACh IO MeEpe
YBEIUYCHHUS X.

a)

Intensity, arb.units

-

Energy (%10 em™)

(ST - -

1900 nm
I:---»
=

400 1600 1800 2000 2200 1-Tm?* 2=-Tm* 3 =Tm? Ho?
A,nm

Puc. 1. a) Cnexrpsl momunecteHmu NaYossxTmMo.1sH0xGeOs (x = 0.0-0.055);
0) ympolieHHas iuarpaMma SHepreTH4ecKuX ypoBHeH, cxema Bo30yKIeHUs
¥ MH(PAKPACHOT0 M3TydeHus 11 nonos Tm**/Ho®",
HccnenoBanne BBITOTHEHO 3a cueT rpanTa Poccuiickoro HayuHoro ¢poHma
(mpoekt Ne23—73-10090), https://rscf.ru/project/23-73-10090/.
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JIABOPATOPHBIM MAKET PABOYEI'O DTAJIOHA ITEPBOI'O PA3PSJIA
JUIL UBMEPEHNA CKOPOCTHU ITPOJOJIBHBIX 3BYKOBbBIX
KOJIEFAHUU B TBEPBIX TEJIAX

B. B. Cemamko®?, A. JI. Ilumxkua'?

'Kazanckuii (Tlpusonacckuii) pedepanvuoiii ynusepcumem, Kazano
?Kaszanckutl pusuxo-mexnuveckuti uncmumym um. E.K. 3asotickozo @HUIL]
Kazancxuu nayunvii yeump PAH, Kazanw
E-mail: ars.shishkin@gmail.com

CoBpeMeHHbIE YJIBTPA3BYKOBBIC J1€(PEKTOCKONbI, HCIOJb3YIONIUE TEX-
HOJIOTUIO T€HEpPalMHU IIUPOKOMOJIOCHBIX YJBTPAa3BYKOBBIX HMITYJIbCOB, MO3BO-
JIAIOT OCYIIECTBIISITh U3MEPEHUS CKOPOCTH 3BYyKa B PA3IMYHBIX MaTepualiax ¢
TOYHOCTHIO, TPEBBIMIAOIIEH TOYHOCTh, OOO3HAYEHHYI0 B TOCYJapCTBEHHBIX
cranaaprax. Llenbto HacTosmeld paboThl siBIsieTCs pa3paboTka J1abopaTOPHOTO
MakeTa paboyero »sTajoHa TMEpPBOrO paspsia s U3MEpPEHUs CKOPOCTU
IPOJOJIbHBIX 3BYKOBBIX KojieOaHul B TBEPbIX Tenax. B coorBeTcTBUM ¢ [OCT
P 8.756-2014, coznaBaemblii pabouunii 3TajqoH JOJKEH IMO3BOJISITH OCYIIECTBIISATh
U3MEPEHUS CKOPOCTH 3ByKa B JTAJOHHOM o0O0Opasiie JIBYMsl pa3IUYHBIMU
MeToAaMu, 0a3UPYIOIMKUMUCS Ha PyHIaMEHTANBHBIX (PU3NUECKUX TPUHITUTIAX.

Onnoit U3 GyHIAMEHTAJIBHBIX XapaKTEPUCTUK TBEPAOTO Teja SIBISACTCS
MOKa3aTesib MPEJIOMJICHUSI N, KOTOPBI CBA3aH C BOJIHOM JaBJICHUSA - 3BYKOM.
[Toka3aTenb HPEJOMICHHS MOXKET OBITh ¢ TO4HOCTHIO m0 107-10° m3mepen
uHTepPepeHnoHHbIMU MeTogamu [1]. Mcmons3ysi TEXHOJIOTHIO H3MEpPEeHUSs
CKOPOCTH YJIbTPa3BYKOBBIX KoJIeOaHMI B Marepuanax Mo BPEeMEHHU 3aJepiKKU
OTPa)KEHHBIX CUTHAJIOB OT IPaHULBI PA3[EJI0B PA3IUYHbIX CPEIl U PETUCTPUPYS
BpeMs MPOXOXKACHUS YIBTPA3BYKOBOTO UMITYJIbCA MEXKY MUHTEPPEPUPYIOUTUMU
Ja3€pHBIMH ITyYKaMH, MOKHO HE3aBUCUMO ONPENEIIUTh UCKOMBIN ITapaMeTp.

JlaHHBIN TOXOM peanu3yeTcs ¢ MmoMolnbio uHTephepomerpa XKameHna u
nedexrockona YJIJI-2M. B kauectBe ucciaeayemMoro oOpasiia HCIONb3YeTCs
crekio KCS8. Wmnynscroe wusnydenne NJ:YAG nasepa BbI3bIBaCT ajua-
OaTMuecKkHii CKadyoK JaBieHUs B MpukieeHHOM Kk oOpasimy C3C 22 (ynbTpa-
3BYKOBOM MMIYJIbC), KOTOPBIN pacmpocTpaHsieTcs: BriayOb oopasia. CUTHaIBI C
uHTEpPEpPOMETpa PETUCTPUPOBATUCEH (DOTOTIPUEMHHUKOM C TIOCTOSIHHON BpEMEHU
okono 10 mc u waGmomanuck Ha ocumuiorpage AKTAKOM ADS-2221MV.
OnnoBpeMeHHO ¢ nomomnibio Y/JI-2M ocyluecTBiIssIoCh U3MEPEHUE CKOPOCTHU
3ByKa B 00pasiie BpeMs MPOJIETHBIM METOIOM.

[IpoBeneHHBIE  3KCIEPUMEHTBHI  CBHJETEIBCTBYET O  BO3MOYKHOCTH
MOCTPOCHHSI TI0 MpEearaeMoll CXeMe HOBOTO padoyero 3TajioHa MEPBOTO
paspsana JJsl CKOPOCTH MPOJAOJBHBIX 3BYKOBBIX KOJIEOAHMII B MPO3payvyHbIX
TBEPJIBIX TEJIAX.

1. E. U. byrukoB, Onmuka: Yuebnoe nocodue. 3-e u30., oon., CIIO.:
HUznarenscTBO «Jlaney, 2012.
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BJIMAHUE NOHOB 5PbUA U UTTEPBUA HA CIIEKTPAJIBHO-
JIIOMUHECHEHTHBIE CBOUCTBA BUCMYTI'EPMAHATHBIX CTEKOJI

I0.B. Xeryuena!, K.C. Cepkunal, U.B. Crenanosa®, A.A. Enuceesal,
M.T. MeTnun?
LPoccutickuil xumuxo-mexnonoeuueckutl ynueepcumem um. .M. Menoeneesa,
Mockea
2Dusuueckutt uncmumym umenu I1.H. Jlebeoesa PAH, Mockea
E-mail: stepanova.i.v@muctr.ru

BucmyTtrepmanaTtHble CTEKJIa MPOSBIAIOT MIMPOKONOJOCHYIO JIFOMUHEC-
neHuuo B auarnaso”e 1000—1500 HM, 4TO MO3BONSET paccMaTpuBaTh MX B
KayecTBE NEPCIEKTUBHBIX Cpei sl ontuyeckoro ycuieHus [1]. BBenenue
noHoB Er** m Yb% B cocras cTekon cnoco6CTByeT pacIMpeHHIo CIEKTPaIbHOTO
nuana3ona MK-mromuHecueHnmnuu [2].

Lenbto Hacrosimieil pa®oThl ObUIO M3y4Y€HUE BIUSHUS HOHOB 3pOUS U
UTTEpOUsl Ha CHEKTPAIbHO-TIOMUHECLHEHTHbIE CBOMCTBA BUCMYTrepMaHATHBIX
ctekosn. B xone pabGoThl CMHTE3WpOBaHBI CTEKJIA MOJbHOTO cocTaBa 10Bi,03-
90GeO; u 10Bi;03-85Ge0,-5Na,0, neruposannsie 0,1 Mon.% Er,Os; u 0,2
mMoi.% YD203, cBepx 100%. Crektpsl BO30YXKICHHS W JTIOMHHECIICHIIMH
PETUCTPUPOBAIM C MMOMOIIBIO crekTpoduyopumerpa Jobin-Yvon Fluorolog
QM-75-22-C npu temnepatype 300 K ¢ ucnonbp3oBaHuEM KCEHOHOBOM TyTrOBOM
JamIbel MOITHOCTHIO 450 BT B kauecTBe HCTOYHMKA BO30YKICHUS.

Bo3byxaeHue JTlommHecueHums

AoM = 1200 HM 036 = 520 Hm ;l
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BBenenne okcumoB HspOusi u UTTEpOUS CMOCOOCTBYET TPOSBICHUIO
JIOTIOTHUTENBHBIX ~ TOJIOC BO30YXACHUS W JoMHUHecHeHIuu (puc. 1).
JlromuHectieHus SpOui-UTTepONEBLIX BHCMYTrepMaHaTHbIX cTekon B UK-
001acTH TpeCTaBjIeHa IPEeUMMyLIeCTBEHHO nepexojaMu B monax Yb®" u Er¥,
TOTJJa KaKk B HEJIETHPOBAHHBIX 00pa3lax MPUCYTCTBYET JIFOMUHECIICHITUS
BUCMYTOBBIX  aKTHUBHbIX 1eHTpoB (BAIl). Taxxe  BbIsIBICHO, 4YTO
MOAU(UIIUPOBAHNE OKCHJIOM HATPUS TPHUBOJUT K YIIUPEHUIO IOJIOCHI
momuHecteHnnu BAL] u caBury mosoc Bo30yKIeHHs.

1. M. Peng et. al., J. Phys.: Condens. Matter, 21, 285106 (2009).
2. G. Lakshminarayana et. al., J. Alloys Compd., 476 (1), 878-883 (2009).
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CIIEKTPAJIBHO-JIIOMMHECHEHTHBIE XAPAKTEPUCTUKU
KEPAMUKU Y,03: Tm-Ho

A.O. Apuckun?, E.M. Byszaesal, M.B. I'epacumos?, B.B. Ocunos?,
P.H. Makcumos?, [1.A. Pa6oukunal, B.A. IlIutos?
'Hayuonanvnwiii uccneoosamenvckuti Mopooeckuii 20cyoapcmeeniviii
yuusepcumem um. H.II. Ocapésa, Capanck
2Uncmumym snexmpocpusuxu YPO PAH, Examepunbype
E-mail: alehandro.ariskin@yandex.ru

Marepuanbl Ha OCHOBE MOJYTOPHBIX OKCHJIOB, JIETMPOBAHHBIX PEIKO-
3emenbHbIMU (P3) moHamu, mpeacTaBisItOT 3HAYUTENBHBIN WHTEpPEC IS TBEp-
JIOTEIBHBIX JIa3€pOB C AMOAHON Hakaukou [1,2]. Beicokne 3HaYEHUs] MUKOBBIX
CEYCHUN TOTJIOMICHUSI W BBIHYKJICHHOTO U3JIyYCHUS, TEIUIONPOBOJHOCTH U
MEXaHWYECKUX XapaKTEPUCTHUK TO3BOJIAIOT pacCMaTpUBaTh HMX B KaueCTBE
AKTUBHBIX Cpell TBEPAOTEIBHBIX JIa3€pOB C BBICOKUMHU DSHEPreTUUYECKUMU
xapakrtepuctukamu. OJHaKO H3-3a BBICOKOM TeMIepaTypbl IUJIABICHUSI JTHUX
marepuanoB (~ 2450 °C) monydyeHue UX B BUJIE MOHOKPUCTAIIOB SIBJISICTCS
3aTpyJHUTEIBHBIM. B  COOTBETCTBHUM C 3TUM, HHTEpPEC HCCleaoBaTenen
IIPUBJICKACT ONTHYECKas Jla3epHas KepaMHKa Ha OCHOBE MOJYyTOPHBIX OKCHJIOB,
nerupoBaHHbIX P3 nonamu.

B nacrosimeli pabote cooOImaeTcss O MOJYyYCHHH Ja3epHOU KepaMUKHU
OKCHJ]a WTTpUs, JETUPOBAHHOTO MOHaMHM Tm®" M CoNermpoBaHHOrO HOHAMU
Ho%*,

WNuTepec k naHHOM KepaMuKe OOYCIIOBJIEH BO3MOKHOCTBIO OCYIIECTB-
JIEHWs HAKayKH C HMCIOJIb30BAaHUEM IOJYIPOBOJHUKOBBIX JIA3€PHBIX JUHEEK U
MaTpHIL C JUIMHOH BONHBI M31ydeHus ~ 800 HM Ha yposeHb °Hj nonos Tm**. B
pesylnbTaTe  B3aMMOJEHCTBMS  HMOHOB  TM®"  mocpemctsomM  Impomecca
kpoccpenakcauun (*Hq—3F4, 3He—3F) 3acensercs yposens °F4 nonos Tm3*. C
yposHs °F4 nono Tm3* ocymecTsisieTcss O€3bI3Ty4aTENbHbIA IEPEHOC YHEPIUH
Ha ypoBeHb °l; noHoB HO®**, KOTOpBII fABIAETCA BEpXHHM JIa3ePHBIM YPOBHEM
TpHU MONy4eHNH Ja3epHoil reHepanuu B o6nacta 2,1 MkM Ha nmepexose °li—Clg
1oHoB Ho%*,

B macrosmeli pabore mosydeHBI OOpasibl KOHIIEHTPAIIMOHHOIO psijia
kepamuk Y203 Tm, Ho (Ctm=3 at.%, Cho=1, 3, 6 a1.%). MeTog0oM ONTHYECKO
MUKPOCKOTIUU BBISIBICHO, YTO ONTHYECKUE Ne(PEeKThl B BHJE MOP B OCHOBHOM
COCPEJIOTOYCHBI B IIPUIIOBEPXHOCTHBIX 00JIaCTSIX 00pa3lioB KEpaMUK.

BrinmonHeHbl uCCaeAOBaHUS CIEKTPATbHO-IIOMUHECIIEHTHBIX XapakKTe-
puctuk kepamuk Y203 Tm, Ho (Ctm=3 at.%, Cro=1, 3, 6 aT.%), B pe3yibrare
KOTOPBIX BBISABIEHO HAIMYUE O€3bI31y4aTeIbHOrO ePeHoca ¢ ypoBHs °F4 HOHOB
Tm?3" na yposens °l; nonos Ho®".

1. E. Mix, L. Fornasiero, V. Peters, et al., New Oxide Crystals for Solid State
Lasers Cryst. Res. Technol. 34, 255-260 (1999).

2. K. Petermann, G. Huber, L. Fornasiero, et al., Journal of Luminescence. 87,
973-975(2000).
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JIASEPHAS 3AIIMCH ABYJIVUEIIPEJIOMJEAIOINX HAHOCTPYKTYP
B KBAPLHIEBOM CTEKIJIE JJI1 OIITUYECKOU ITAMATHU

B. C. Ilapes!, A. E. JleBunko®, FO. B. Muxaiinos?, A. C. Jlunatses?,
A. T'. Oxpumuayk
YUnemumym obwen pusuxu um. A.M. IIpoxoposa PAH, Mockea
2 Poccutickuil Xumuko-mexuono2uueckutl ynueepcumem um. . M. Menoeneesa,
Mockea
E-mail: vts@fo.gpi.ru

Ontrueckast maMsTh HA OCHOBE KBapIIEBOT0 CTEKJIa UMEET MPEUMYIIIECTBO
nepes aHaJoraMu, 3a CUeT JIOJITOBEUYHOCTH M 00JbIIoro oorema. O1HaKo, UMeeT
U PSAJ HENOCTATKOB. DJIEMEHTapHBIM HOCUTENIh WH(OpMaIMHU, Ha3bIBAEMbIM
BOKCEJIOM, MMEET OOJbIIUN pa3Mep, YeM y MarHUTHBIX HOCHUTENIeH u Oosee
HU3KYI0 CKOpPOCTh 3amucH. JlaHHBIH HEJOCTATOK KOMIIGHCHPYETCS 3a CueT
MOJAKIIOUEHUs] TpeThel KoopauHaThl. [loMuMO 53TOro, OBUIO MPEIOKEHO
UCIIOJIb30BaHUE CYOMUKDPOHHBIX JBYJIYUYETPEIOMISIONMIUX CTPYKTYp, (popmu-
PYEMBIX 3a CYET BO3JCHCTBHS Ha OJHY U Ty O0JacTh CTEKJIa MHUKPOHHOTO
pasMmepa TOCIEA0BATEIHPHOCTH (HEMTOCEKYHIHBIX JIMHEHHO-TIOJISIPU30BAHHBIX
JIA3ePHBIX UMITYJILCOB. DTO TO3BOJUJIO JO0ABHUThH €IIE OJHO HU3MEPEHHUE ISl
KOJUPOBAHUS UH(POPMAITUU — JIBYJTYYETIPEIIOMIICHHE — U YBEJIMYHUTh TUIOTHOCTh
3anucu. Ha maHHBII MOMEHT MakKCHMaJibHasi CKOPOCTh 3alluCH JBYJIyde-
IPETIOMIISIFOIINX BOKCENIOB cocTapigeT 225 KOut/c, monydyeHHas B 1abopaTopuu
I1. T'. Kazanckoro [1].

B BelmIeynoMsHyTOM METOAE, NPUMEHSETCS MOIYJALMS DHEPruu
(eMTOCEeKyHIHBIX JIa3epHBIX HMITYJIbCOB C JIMHEWHOW mMoispu3anuen, MmoBo-
pPOTOM KOTOPOW KOJIUPYETCS a3UMyT MEUICHHOW OCH JBYJIY4eNpeIOMIICHHUS.
Takoil MeToJ MOAy4YWs Ha3BaHUE MOIYJALMU SHEeprud ummyiabca (MOU), B
KOTOPOM 00Illee YKCIO0 HUMIYJIbCOB COCTaBISiET § HMIIYJIbCOB, PACCTOSHUE
MEXIy KoTopeiMH He MeHee 70 Hc. MBI mpemiiaraeM HOBBIH cmoco0 ¢op-
MUPOBAaHMS JIBYJTYUETIPEIOMIISIOMIUX BOKCENOB MyTeM (OKyCHpOBaHUsS CIia-
JaroIe cyOHaAaHOCEKYHJIHON rpeOeHKH (PEMTOCEKYHIHBIX Ja3epHBIX HMITYJIb-
coB. I'pebeHKa COCTOUT W3 JIBYX YacTe: M3 MEPBOTO MMITYJIbCA, XapaKTepHas
AHEPIUsi KOTOPOTO COCTaBIIAECT OKOJIO 45 H/[K, U SKCIIOHEHIIMAJIBHO cHaJarolen
rpebeHkn, (OpMHUPYEMON pe3oHaTOpOM. XapaKTepHasi JHEpPrusi SKCIIOHEH-
IMalbHOro XBocTa cocTaBisieT 20% OT sHepruu mnepBoro ummynibca. Onru-
MaJIbHO€ pACCTOSHHE MEXAYy HMITyJIbcaMu B rpedeHke coctaisier 70 1ic.
MexaHu3M 3anucu CyOHaHOCEKYHIHOM rpebeHKoi packpwIT B pabore [2]. Ho B
3TON paboTe UCIOJIB30BANIACH IKCIIOHCHITMAIBHO Criajaromias rpedenka gemro-
CEeKYHJIHBIX HMMITyJIbCOB. B HAacTOfAIlIEM HCCIEIOBAHMU 3a CUYET YHpaBJICHUS
dbopmoii orubatomeli CyOHAHOCEKYHIHOM TpeOSCHKH HaM YJaloCh YMEHBIITUTh
CyMMapHy10 JHepruto rpedeHku. Takum o0pa3oM HoOBas CyOHaHOCEKYHIHas
rpebeHka (HeMTOCEKYHIHBIX Ja3epHbIX MUMIYJIbCOB IMO3BOJIIET YBEIUYUTh CKO-

pocTh (pOopMUPOBAHUS ABYITYUESTTPUIOMIISIONINX BOKCEIIOB BILIOTH /10 2 ['0uT/C.
1.Y. Lei, etal., Optica 8, 1365-1371 (2021).
2. A. Okhrimchuk, et al. Sci Rep 7, 16563 (2017).
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TBEPJOTEJIbHBIN JIABEP HA KPUCTAJIIE Y3Als012:Er C JIASEPHOU
[TOJIYIIPOBOJIHUKOBOI HAKAUKOU

A.M. Kawmkos, A.O. Apuckun, I1.A. PsGoukuna
Mopoosckuti 2cocyoapcmeennuiil ynusepcumem um. H.11. Ocapésa, Capanck
E-mail: ryabochkina@mail.ru

Jlazepbl, reHepupylolye H3JIydeHHe B oOjactd 1,5 MKM, HIMPOKO
UCIIOJIB3YIOTCS. B Pa3IMYHBIX TMPAKTHYECKUX IMPUMEHCHUAX: TEICKOMMYHH-
KaIMsAX, JTUIAPHBIX YCTAHOBKAX, MEIAUIMHE U T.]I.

JlazepHas reHepauusi B obnsactu 1,5 MKM moJiydeHa Ha KpUCTaslax U
CTeKJIax, IErMPOBAHHBIX MOHaMK Er®*, mpu ux conernposanuu nonamu Yb** [1].
B TakMx akTMBHBIX Cpelax JasepHas TeHepanus B obmactd 1,5 MK
ocymecTsisiercs Ha 1epexone “lizp—*lisy monos Er’', mpm sTom Hakauka
OCyHIECTBJIAETCd Ha ypoBeHb 2Fsp moHOB Yb%*, a HaceneHHOCTh BEPXHETO
nasepHoro ypoBHS “ligp IPOMCXOAMT 3a cYeT Ge3bI3IydaTelbHOTO IIEPEHOCA
sHepruu ot noHoB Yb®" k nonam Er’”.

B mHacTosimiee BpeMst HMMeeTCs albTEPHATHBHBIA CIOCOO IMOJTyYEHHS
na3epHOi reHepanuu B obnactu 1,5 mxM Ha nepexoze *lizp—*lisp nonos Er’*
IIPU PE30HAHCHOM Hakadke Ha ypoBeHb *l13; [2].

B HacTosimeir paGoTe BBIMOJHEHO MOJEIMPOBaHHE PabOTHI Jlasepa Ha
KPMCTaJJle WTTPUH-aIlOMUHMEBOTO TpaHaTa, JIETMPOBAaHHOro HoHamu Er®*,
TeHEpUPYIOLIETo M3JIydeHne B obnactu 1,5 Mkm Ha nepexoe *lizz—*l1s HoHOB
Er¥* B HempephIBHOM pPEXHMME M PEKHME MOIYJIUPOBAHHON JOOPOTHOCTH C
HCITOJIb30BAHMUEM aKyCTOONTHYECKOTO 3aTBOpA.  BBIMOJHEH CpPaBHUTEIbHBIM
aHaJIM3 PE3yJIbTATOB MOJICIIUPOBAHUS C SKCIIEPUMEHTOM.

1. . A. bougapenko, B. E. Kapacuk, JI. H. Marauu u np., BectHuk
MI'TY um. H. O. Baymana. 5, 30 (2017).

2. K. H. l'op6auens, C. B. Kypunsuuk, B. 3. Kucens u ap., KantoBas
anekTpoHuka. 46, 6 (2016).
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CBOUCTBA CTEKOJI CEPUU Te0,-Zn0O-La,03-Na,O-Er,03
C PA3JIMYHBIM COJEP)KAHUEM OKCHUJIA DPBUS

A.P. Illapadees?, B.B. Jopodees! 2, C.E. Moropun® 2, A K. Kum?,
C.B. Mypasses?, M.I0O. Konres?, B.B. Konrames®
YUnemumym xumuu évicoxouucmoix eewecmes um. I. I'. [Jessamoix PAH,
Huoicnuii Hoseopoo
2Uncmumym npuxaaonou gusuxu um. A.B. Ianonosa-I pexoea PAH,
Huoicnuii Hoseopoo
SUncmumym obwen usuxu um. A.M. IIpoxoposa PAH, Mockea
E-mail: sharafeev@ihps-nnov.ru

Nutepec Kk TEUIypUTHBIM CTEKJIaM, B TOM 4YHUCJIE aKTHBHPOBAHHBIM
noHamu P3D B KkauecTBe MaTepHaliOB aKTUBHBIX CpEJl BOJIOKOHHBIX J1a3€pOB
0OyCJIOBJIEH IIMPOKON OOJACThIO CTEKIO00pa30BaHUs MATPUUYHBIX COCTABOB U
BBICOKON PacTBOPUMOCTBIO PEIAKO3EMENIbHBIX OKCHIOB B HHX, XOpOIIeH
XUMUYECKOW M KPUCTAUIM3ALMOHHOW YCTOWYMBOCTBIO, SPKO BBIPAXKEHHBIMU
ONTUYECKUMH HEJTMHEHHBIMH MapaMeTpaMHu, IITUPOKON 00JIaCThIO MPO3PAYHOCTH
oT BuAuMOM a0 cpeaneit UK [1-3].

Jlns cuaTe3a ctékon Ha ocHoBe TeOz cepum TeO2-ZnO-La,O3-NayO-
XEr,0O3 (TZLNEr), x = 0-4 mon.% mnpuMmeHsIach OpUTMHAIbHAS METOJHMKA
yAUICHUS TUAPOKCHIBHBIX TPYIIN U3 CTEKJIO00Pa3yIOIIero paciliaBa.

TeMmeparypsl CTEKIOBAaHUS JJISI BCEX UCCIICIOBAHHBIX COCTABOB OJIM3KU K
300 °C; crékna, conepxamue MeHee 2,3 Moi.% Er.Os, upe3BblyaiiHO YCTOMYMBHI
K KpUCTAJUIM3allMM TPU CKOPOCTH HArpeBa S5 Tpaa., Ha TepMorpaMmmax
OTCYTCTBYIOT TEIJIOBBIC 3((DEKThI KPUCTATIU3AIMH U TUTaBICHUS.

O6nacTe TPO3PAaYHOCTH TOHKUX 00pa3ioB oT ~0,4 10 ~6 MKM, IJs
Hanbosiee 00E3BOKEHHBIX CTEKOJ XapaKTEPUCTUUYECKHUE IOJOCHI TMOTJIONIEHUS
OH-rpynn ¢ Mmakcumymamu ~ 2,3; 3,3 u 4,4 MxkM He BbIAesAtOTCsA. [loBbIlIeHNE
KoHIleHTpanuu ErO3 He MPUBOIUT K 3aMETHOMY M3MEHEHHUIO T'paHUI] 00JacTh
IPOITYCKaHUs, HO MPOUCXOJHWT YBEIMYCHUE WHTCHCHUBHOCTH IIOTJIONICHUS B
XapaKTePUCTUUYECKHUX Mosiocax noHa Erd*,

I[Ipu BO3Oyx)meHunm Ha 975 HM OBIIM  HCCIEIOBAaHBI  ITOJOCHI
momuHecueniun  Er¥* B6mmsm 1,55 wm 2,75 MKM, COOTBETCTBYIOIIUE
>1eKTpoHHBIM nepexogaM “lizp—lisp 1 *lip—*l132. HTEHCHBHOCTL M BpeMs
3aTyXaHUs JIOMUHECICHIIMM BO3PAacTalOT ¢ KOHIICHTpAIMEH OKcHaa dpOus U ¢
YMEHBIIICHUEM COJCP)KAHMS THAPOKCHIIBHBIX TPYIIII.

B BOJIOKOHHBIX CBETOBOJIaX C aKTHBHUPOBAHHBIMU MOHAMU APOHS ceplie-
BHHAMHU ObLTa AKCICPUMEHTAILHO IMPOJEMOHCTPUPOBAHA Ja3epHas T'eHEepalus
Ha JIJIMHE BOJIHBI ~2,7 MKM [2].

baaromapuocTu: lccienoBanue BBIIIOJHEHO B pPaMKax peaM3alluu
[TIporpammer  HIIMY  «llentp ¢oToHMKN» mnpu (HUHAHCOBON TOIIEPIKKE
Muno6pnayku, cornamenue Ne 075-15-2022-316.

1. S. V. Muravyev, et al., Sci. Rep. 8, 16164 (2018).

2. S. V. Muraviev, et al., IEEE Photonics Technol. Lett., V. 35, n. 24, pp.
1435-1438, 2023.

3. V.V. Dorofeev et al., J. Non-Cryst. Solids 357, 2366-2370 (2011).
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AHAJIN3 BJIMSIHUS EDTA HA IIAPAMETPEI POCTA U OIITUYECKUE
CBOUCTBA KPUCTAJIJIA KDP

C.A. Buibuenko, I'pubko B.B.
Hncmumym npuxnaonoti ¢ouzuku umenu A. B. I'anonosa-1 pexosa PAH,
Huoicnuii Hoseopoo
E-mail: sergey.vilchenko@yandex.ru

Kpucramner nuruapodocdara xanus (KDP) akTuBHO nmpuMeHSIOTCS s
M3TOTOBJICHUS ONTUYECKUX 3JIEMEHTOB Ja3epHBIX cucTeM. Tak, JUisl yBeJIUYeHus
CKOPOCTH POCTa TpaHEd TeTparoHaJIbHOW MPU3MBI M OUMHPAMUJIBI KpUCTAILIa
KDP, a takxe Jj1s1 yMEHbILIEHUS BIUSHHUS UOHOB TPEXBAJEHTHBIX METAJUIOB HA
IpOLECC POCTa, MOKHO MCIOJB30BaTh Pa3jiU4Hble KOMIUIEKCOHBL. OIHUM U3
TAaKUX XUMUYECKUX COCAUHEHUN SBISIETCS OSTUICHAMAMUHTETPAyKCyCHas
kucnota (EDTA).

Hnst uzyuenuss BiausiHuss EDTA wa poct kpucramuioB KDP u ux
Mopdororuto Obul BeIOpaH psijl KOHUEHTpanuil B poctoBoMm pactope: 0.001,
0.005, 0.015, 0.02, 0.035, 0.05 mon. %. V3 nonydeHHBIX NaHHBIX CJIEAYET, 4TO
nobasnenne EDTA npuBOIUT K yMEHBIICHUIO MEPTBOM 30HBI U YBEIUYEHUIO
CKOPOCTH POCTa I'paHeil MPU3MbI B 3aBUCUMOCTH OT TIEPECHIIICHUSI.

Tak ke OBUIM TOJY4YEHBI CIEKTPbl TNPOMYCKAHUS BbIPAIICHHBIX
KpuctaiioB, no6asnenue EDTA B pocToBO# pacTBOp MpUBENO K YBEIUYEHUIO
BEJIMYMHBI TPOMYCKAaHUA Ha Auarna3zoHe 1jiuH BosH 250-1100 am (puc. 1).

95 T, %

65 1 1 1 1 }\” nm

200 400 600 800 1000

Puc.1. CnexTpsl npomyckanus BeIpaleHHOTo kKpucTamia (uepusiii — KDP 6e3 EDTA,

cunuii — KDP ¢ no6aBnennem EDTA C = 0.005 mon%, kpachbiii — KDP ¢ no6aBieHuem
EDTA C =0.025 mon% ).

HccnenoBanne mokazano, uro godaenenue EDTA B poctoBoit pactBOp
MPUBOJAUT K YBEIMYEHUIO CKOPOCTH POCTA TpaHEd, HE Hapylas MpU 3TOM
KpUcTtajmmyecko cTpykTypbl. Bmmssnue EDTA nHa mnapamerpsl pocta u
cBoiicTBa kpuctauia KDP moka3sIiBatoT BHICOKUN MOTEHIMAT JJIS JabHEHIIIEro
uccnenoBanus KoHueHTpauronnoro psiga EDTA B poctoBsix pactBopax KDP, a
TAK)K€ MCMOJb30BAHUE JIAHHOTO KOMIUIEKCOHA B MPOIECCE CKOPOCTHOTO
BBIpalIMBaHKs MOHOKpUCTAJLIOB rpynmbsl KDP.
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AJIMA3HAS JIE3BUHHA I OSPABOTKA KPUCTAJIJIOB KPC-5

A.A. TlaxomoBa, M.C. Ky3nenos, K.C. 3apameHCKuX,

C.M. ITumromiko, A.P. Pomanenko, M.B. Mopo3os
T'ocyoapcmeennvlil HayuHO-UCCIE008aMENbCKULL U NPOEKMHBIU UHCTMUNY M
peokomemaniuieckol npomoluiieHnocmu « I upeomemy, Mockea
E-mail: AAPahkhomova@rosatom.ru

Kpucramner KPC-5 (TIBr -TII) o6nagaioT BBICOKHMH 3HAYCHHUSIMH
nokasaresiei, HeoOXOAUMBIX 1 (PYHKIIMOHAJIBHBIX ONTUYECKUX MaTEpPHAIOB,
UCIIOJI3YEMbIX JJI CO3JaHUsl PAa3JIMYHbIX 3JEMEHTOB (OKOH, JIMH3, MPU3M U
T.1.). PaBHOMepHas npo3paunocts B UK u Bunumoit obnactsax cnextpa (0,35—
50 Mmkwm), nponyckanue 10 70 % mnpu OTCYTCTBUM TMOJOC TOTJIOLIEHUS,
BO3MOXXHOCTb ~ JIOCTUKEHHUSI TMPAKTHUECKH IIOJIHOTO MPOMYCKaHUs MpuU
HAHECEHUU IMPOCBETIIAIONIETO TMOKPBITUS, MEXaHUuYecKas, BUOpalMOHHAs
OPOYHOCTh, XUMHUYECKas W BIAroCTOMKOCTh TMO3BOJISIIOT HAa3BaTh JIAHHBIN
ONITHYECKUI MaTepuas OJHUM U3 HauboJjee nepcrnekTuBHbIX [ 1-3].

[IpoGnembl, NPEnsATCTBYIOUIME UIUPOKOMY MPUMEHEHHUIO KpPHUCTAIIOB
KPC-5, cBa3aHbl ¢ HEBO3MOKHOCTBIO UCIIOJIB30BAHUS TPAJUIIMOHHBIX CIIOCOOOB
o0paboTku. MaTtepuan MSToK, IUIaCTUYeH, 00J1aJaeT BHICOKUM KO3 (OUIIMEHTOM
TEPMHUYECKOTO0  pPACIIMPEHUs, HHU3KOM  TEIJIONPOBOJHOCTHIO,  BBICOKOU
aHU30TPOIKEN, MOATOMY Tociie 00paboTku oOpasyeTcsi riayOOoKUuid HapyIIeHHBIN
CJION KPUCTAJUNIMYECKOU CTPYKTYpPHI. [1oaX0141IMM METOOM SIBIISIETCS alMa3Has
ne3BHiiHast 00paboTKa Ha yJIbTPANPEIIM3UOHHBIX CTAaHKAX.

[IpenBaputenbHble SKCIIEPUMEHTHI 110 00pa0OTKE IMIIOCKOW MOBEPXHOCTH
3arotoBku u3 KPC-5 nokazanu depeoBaHue 30H XPYNKOTO pa3pylieHUs U 30H
6e3 neQeKToB, YTO MPHUBOAMUT K BHIBOAY O BIUSHUU KpUCTALIOTpaduyuecKon
OpUEHTAIlMM Ha KayecTBO MOBEepXHOCTU. C y4E€TOM BIHAHUS TOJIOKECHUS
3arotoBku KPC-5 Ha kadecTBO (hMHAIBLHOTO MaTepuansa BMECTO TOKapHOMU
METOAMKHA ObLTa pealin30BaHa JIBYXATAallHAs METOJHMKAa 0OpabOTKU KPHCTAILIIOB
METOJIOM aJIMa3HOTO (pe3epoBaHUs.

B xome mepBoro »stama nOpoOBOAWIOCH OIPEICIICHUE HAWIy4llIeh
OpUEHTAIlMM 3aroTOBKH, 3Tam ObUI pealM30BaH Ha YJIbTPANPEHU3UOHHOM
creae. Ilpu o0paboTke 3aroToBka coBepIlIajia BpalllaTeIbHbIE JBHKEHUS
BOKpYT cBO€l ocu. TpaekTopusi IBHKEHUS aIMa3HOrO pe3lia IpOoXoJuia 4epes
OCh Bpall€HUs 3arOTOBKHU.

[To pacmonoxeHHI0 30H XPYNKOro paspylleHHus, oOpa30BaBLIMXCSA MpU
00paboTKe, ¢ y4eTOM M3BECTHOW TPACKTOPHH pe3lia ObLIN CHENaHbl BHIBOABI 00
ONTUMAJIbLHONH OpPHUEHTAIIUU 3arOTOBKH, CIIOCOOHON OO0ECIeYNTh IUIAaCTHYHBIN
ChEM MaTepHala 0€3 XpyIKoro pa3pyueHusl.

Btopoii sTan 3akitovaicsi B 00pabOTKe MpPaBUIBHO COPUEHTUPOBAHHOMU
netanu. Ha naHHOM 3Tame 3arotoBka mepeMeniaiach OTHOCUTEIBHO (pe3epHOit
TOJIOBKM C JABW)XKEHHMEM nojadu Oe3 BpamieHus. OcTtaBuivecss mociie MepBOro
dTama CcleJpl XPYIKOro pa3pylieHUs ObLIM MOJHOCTBIO YCTPAHEHBI IyTeM
00pabOTKM B HOBOM pEXHME, C YBEJIMYEHHOM YacTOTOW BpalleHUus
MHCTPYMEHTAJIbHOTO IINUHJAEAS ¢ OoJibllied TiyOuHON pe3anus. J[lanee
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00paboTKa BBIMOJNHSJIACH HAa YHUCTOBBIX PEXKHUMAX alMa3HbIM pE3LOM C
paauycom 5 MM. [Ipu 3TOM noJIHOE yCTpaHEHHE CIIEIOB pa3pyLIEHHUs BO3MOKHO
IpU YCIOBHM BEpPHOTO OIpeAeNieHus MeTofa OO0paOOTKM U MOJOKEHUs
3arOTOBKH.

B pesynpraTe paboThl MONYYEHBI KPUCTAUIBI C ILIEPOXOBATOCTHIO
MOBEPXHOCTH, OOBIYHOM JJ1s1 ontuyeckux uzaenuit u3 KPC-5—Ra 0,01 mxwm.

[IpennoxkeHsl crOCOOBI MOBBIIMIEHUS] TOYHOCTH M KayecTBa 00pabOTKH,
TaKh€ KaK IOBBIIIEHHE >KECTKOCTU OCHOBHBIX Y3JIOB CTaHKa, HCIOJIb30BAHHE
BCTPOCHHBIX MEXAHM3MOB BBICTaBJICHHUS Y3J0B CTAHKA W KOHTPOJb (HOPMBI
3aroTOBKHU 0€3 CHATHA CO CTaHKa.

[Tokazano, yto mpemyaraeMbplii crmoco0d 00padoTku kpucrtamiop KPC-5
MO3BOJIUT MOBBICUTH MPOU3BOJUTEILHOCTh U3TOTOBJICHUSI ONTHYECKUX U3/ENUI
¢ o0OecrieyeHuEM He0OX0IMMON TOUHOCTH U KayecTBa.

ABTOpBI BbIpakaroT OnarogapHocTh komiektuBy HIIO «Acdepuka» —
E.M. 3axapesuuy u B.B. Jlanmuny 3a yyacTrie B IpOBEACHUN TEOPETUUECKUX U
HKCIIEPUMEHTATBHBIX UCCIIEIOBAHUM.

1. T. N. Hapsoiin, E. K.Kapnogra, H. B. Kapnos, KBanToBas 31eKkTpoHHKA.
T. 2, Ne 4. C. 765-772 (1975).

2. M. C. Kysnenos, K. C. Kucenéna, U.C. JIucurkuii, [[BeTHBIC MeTaIIIHI.
Ne 4. C. 81-84 (2011).

3. N.C. Jlucunxkuii, M.C. Ky3nenos, K.C. 3apamenckux u np., L{BeTHbIe
metamtel. Ne 11, C. 67-71 (2012).
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NCCIIEAOBAHUE TMHAMUKU ITOJIAAPUSALIMOHHBIX MO/
B BOJIOKOHHOM JIA3ZEPE C KOPOTKHUM PE3OHATOPOM

B.A. Kampbiaun, A.W. Tpukmes, A.B. [llupmankus, A.A. PeibantoBckui,
C.E. Cepukos, b.U. [lenkep, B.b. LIBeTkoB
Hncmumym ooweti pusuxu um. A.M. Ilpoxoposa PAH, Mockesa
E-mail: shirmankin123@gmail.com

BosiokonHbIE  jazeppl ¢ y3KOM JIMHHMEH, TEHEPUPYIOLIHUE  JIBE
OpPTOTOHATBHO-TIONSIPU30BAaHHBIE MOJIBI pe30HATOpa, MPEACTABISIOT WHTEPEC B
Ka4yeCcTBE MPEIM3NUOHHBIX JIMHEHHBIX AATYUKOB TEMIIEpPAaTypbl M AedopManuit
[1]. YacToTa OueHui MONMSPHU3AMMOHHBIX MOJ| HAXOJWUTCS B PaHO4YaCTOTHOM
(PY) nnamazone, 4To Aa€T MPEMMYIIECTBAa B BUJE MPOCTOTHI OMPOCA, BBICOKOTO
COOTHOIICHHUS CUTHAJ/IIyM, aOCOTIOTHOTO KOIAMPOBAaHUS U BO3MOXKHOCTH
MYJIBTUIUIEKCHPOBAHMS HECKOJIBKUX TaTYHKOB.

B nanHO#1 paboTe mpeaMeTOM UCCIEeOBAHUS SBISIICS BOJIOKOHHBIHN Ja3ep
c kopoTkuM pe3oHatopom @Dadpu-Ilepo. B kadecTBe aKTHBHOTO 3JIEMEHTA
MCTIOH30BAJICS KOMIIO3UTHBIN UTTEPOUEBBIN CBETOBOJ] CTAHAAPTHOTO JTHAMETpPa
(125 MKM) ¢ BEICOKMM conepxkanueM (2,5 Bec. %) nonos Yb** B cepauenune [2].
Pe3zonatop Obi1 copmMHUpOBaH Ha OTPE3KE CBETOBOJA JUIMHON ~2 CM JABYMS
OpATTOBCKMMH pElIETKaMHU ¢ MAaKCUMYMOM OTpa)KeHUs Ha JyiMHe BoJiHbI ~1069
HM. [l HaKaYKu WMCTOJIB30BAIOCH W3IyYeHHE C JIUHOW BOJHBI 976 HM.
CrniekTpalibHasl «TEIJIOBasH» KapTa U3JIy4eHMs Ha BBIXOJE U3 Jla3epa, MOoJy4eHHas
IpY Pa3IUYHBIX 3HAYEHUAX MOILIHOCTU HaKa4yKH, IpeAcTaBieHa Ha puc. 1 a.

Jlazep reHepupoBaj B HENPEPHIBHOM pEXHME, IPU ITOM HaAOJIIOJAIHUChH
OMeHUs OPTOTOHAJIBLHO-TIOJSIPU30BaHHBIX Mo Ha vacTore 18.4 I'Tr (puc. 1 6).
Ota BelIMYMHA COOTBETCTBOBajJa 3(PPEKTUBHON JIMHE pe3oHaTopa B 5,5 MMm. B
3aBHCHMOCTH OT TEMIIEpAaTypbl pe30HaTOpa 4YacToTa OMEHHMH HU3MEHsJIach B
nuana3one ot 18.403 no 18.415 I'T (puc. 1 B).

nbm

(22}
o

(o2}
(3,

320 MIy

~
o

~
[}

MowHocTb Hakayku (MBT)

1 : : : . 0
685 10689 10692 10695 182 184 186 188 18403 18410 18,417
[QnuHa BonHbI (HM) Yacrota (MMu) Yacrota (ITu)
Puc. 1. a) CnextpanpHas «TeIJIOBass» KapTa U3NyueHUs MpU Pa3IMYHON MOIIHOCTH HAaKaYKU;
0) PU cniektp uznyuenus; B) PU criekTp u3nyyeHus npu pa3auvyHON TeMIepaType

pe3oHaTopa.

MHTeHcnBHOCTL (OBM)
p 4 o i
o

-
o
[=]

Taxxke OWeHMsSI PETHCTPUPOBAIUCH W Ha Oosiee HU3KOM dactore B 300
MTI'u. [lpu u3MeHEeHHM TeMIIEpaTypbl MU MOIIHOCTH HAKadykKH Jia3epa 4acToTa
ATUX OMeHni n3MeHsutach B tuama3one ot 230 mo 330 MIm.

1. Y.-N. Tan et al. Opt. Express, vol. 19, N 21, pp. 20650-20656, (2011).
2. M. Yu. Koptev et al. Photonics, vol. 9, p. 760, (2022).
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NCCIIEJOBAHHUE KOMIIO3UTA KOHUYECKOE
BOJIOKHO — KPUCTAJIJI BaF2:Yb:Er

A.B. lllupmankun, B.A. Kambeinun, C.B. Ky3nenos, B.A. Konronikus,
A.H. Haknanos, A.A. Anekcannpos, B.b. 1{BeTkoB
Hncmumym ooweti pusuxu um. A.M. Ilpoxoposa PAH, Mockesa
E-mail: andreishirmankin34@gmail.com

Kpucrannel 1 BoJIOKHA, JIETUPOBAHHBIE PEIKO3EMEIbHBIMU 3JIEMEHTAMU
(P33), cocTaBisiOT OCHOBY OOJIBIIMHCTBA COBPEMEHHBIX JIa3€PHBIX CHUCTEM.
JlaHHbIE aKTHUBHBIE CpeJbl UMEIOT CBOM OCOOCHHOCTHM W MpeumylnecTBa. Tak
KpUCTAJUIBl  TMO3BOJISIIOT  JOCTUYh  BBICOKHUX  YJIENBHBIX KO3 (DUIIMEHTOB
YCWIEHHS, a BOJIOKHA O00JIalaloT pSAJOM TEXHOJOTMYECKUX MPEUMYIIECTB
(@pdexTuBHOE OXJaXkKACHUE, YCTOMYMBOCTh K BHEIIHUM BO3JEHUCTBUSIM,
COBMECTUMOCTh C JIPYyTMMHU BOJIOKOHHBbIMU ycTporcTBamu) [1,2]. CoBMmerieHue
HAWJTYUIIIUX Ka4eCTB PA3JIMUHBIX TUIIOB AKTUBHBIX CPEJl SIBISETCS MHTEPECHOM U
HETPUBUAJILHON 3aJ1aueid, PelIeHUEe KOTOPOM MO3BOJIUT JOCTHUYH ONTUMAJIBHBIX
PE3yNbTATOB JIJIs1 KAYECTBA TEHEPUPYEMOT0 U3ITYUEHUSI.

B nanHo# pabote ObUIa M3y4eHA BO3MOKHOCTH BBOJA JIOMHHECIICHIIMH
kpuctayia BaFz:Yb:Er B koHuveckoe omnTuueckoe BOJOKHO. [y 3TOro ¢
nomotpio yctanoBku Vytran GPX 3400 Obl10 cO31aHO HECKOJIBKO 00pa3IioB
KOHUYECKHUX BOJIOKOH (TeHmepoB) C pa3jIM4YHOM TeOMETpued MPOJ0JILHOTO
npoduisa. beuiu co3manpl TEUnepsl ¢ JIIWHAMH OT 4 710 5 CM U JUaMeTpamMu
nepetsokkd oT 15 1o 30 mxkM (cM. BctaBky Ha Puc. 1). I[lomydyeHHble Telniepsbl
noMernanuch Ha kpuctamn BaF,:YL:Er guamerpom 10 MM, manmee 3a cuer
OpKUMa  JOCTUTAJICS ~ ONTHYECKUM  KOHTAKT MEXKIYy NEPETSIKKOW U
NOBEPXHOCTBIO KpucTaiia. [lonmepeunas Hakayka KpUcCTajula OCYIIECTBISAIACH
MHOTOMOJIOBBIM JTMOJHBIM JIA3€pOM C JUIMHOM BOJHBI TeHepanuuu 976 HM.
AHanu3 JIIOMUHECLICHIIUY, BBEICHHOW B KOHMYECKOE BOJIOKHO, MMPOU3BOJIUIICA C
MOMOIIBI0  ONTHYECKOTO  CHEKTp-aHanu3aTtopa. B pesynprate  Obuia
IPOJIEMOHCTPUPOBAHA BO3MOKHOCTh BBOJA JIOMHUHECUEHIMH OT KpPHCTAJIOB

BaF,:Yb:Er B konndeckue BosiokHa (Puc. 1).
* |

o
b

0.01

CneKTpaanaﬂ MNOTHOCTb
MOLLHOCTH, OTH.€A.

0.001

1000 1200 1400 1600
OnvHa BOnHbI, HM

Puc. 1. CnekTpanbHas mI0THOCTh MOITHOCTH KOMILIEKCA KOHUYECKOE BOJIOKHO —
kpucrtamt BaF2:Yb:Er u npoduns Telinepa Ha BCTaBKe.

[Toka3ana BO3MOKHOCTh TMONEPEYHOTO BBOJA W3JIYYEHUsS] BHEIIHUX
WCTOYHHKOB B KOHMYECKOE BOJOKHO. B mepcnekTuBe Ha TaHHOM KOMILIEKCE
KOHMYECKOE BOJIOKHO — KpHUCTaJI, JerupoBaHHblii P332, MOXHO co31aTh
ONTUYECKNE YCUIIMTENHN UIN BOJIOKOHHBIE J1a3€PHL.

1. G. Huber, C. Krankel, K. Petermann, J. Opt. Soc. Am. B. 27, B93 — B105
(2010).
2. S. Addanki, I. S. Amiri, P. Yupapin, Elsevier. 10, 743 - 750 (2018).
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FORMATION OF Er¥* OPTICAL CENTERS WITH WIDENED
LUMINESCENCE BAND *l132 — *l1s;2 IN SILICA GLASS

G.E. Malashkevich?, V.V. Kouhar!, N.V.Varapay!, H.T. Khuyen?,
K.N. Nishchev?
1B.1. Stepanov Institute of Physics of the NAS of Belarus, Minsk
?Institute of Materials Science of the VAST, Hanoi, Vietnam
3 National Research Ogarev Mordovia State University, Saransk
E-mail: g.malashkevich@ifanbel.bas-net.by

Erd* ions in sufficiently dehydrated oxide glasses are characterized by
close to 100% quantum yield of luminescence in the band #1132 — “l15p2, falling
in the region of minimal intrinsic optical losses of silica glass. This allows such
glasses for more than 40 years to remain out of competition in the market of
active materials for amplifiers in fiber optic communication lines with light
guides based on silica glass. However, the permanent need to increase the
number of spectral channels used for information transmission requires the
expansion of the specified luminescence band of Er3* ions.

To date, the highest values of the half-width (AL) of the *l132 — *lisp
(A =~ 1530 nm) luminescence band of Er®* ions have been achieved for glasses
based on Sh,03;—B,03; (76—-91 nm) [1], PbO-ZnO-B,0; (~ 87 nm) [2], and
ZrF,—BaF,—AlFs—NaF-LaF; (= 82 nm) [3]. However, these glasses differ
significantly in their physical and chemical properties from silica glass, which
prevents the welding of the corresponding active and passive light guides with
low insertion loss (= 0.1 dB). In contrast to the above glasses, the half-width of
this band in silica glasses is ~ 25 nm in the absence of additional doping
elements and ~ 38 nm when co-doped with aluminum [4]. Therefore, the task of
increasing A\ the “*l13» — *lisp band of Er** ions in silica glasses remains
relevant.

Recently, it has been reported that the formation of complex optical
centers including ions of erbium as well as a metal with a high local field and an
alkali metal with a low strength of chemical bonding between it and oxygen is
promising for the broadening of the band under consideration [5]. Based on this
concept, we synthesized by sol-gel method a series of Er-containing silica
glasses, where chromium and nickel were used as metal ions with high local
field, and investigated their spectral-luminescence properties. The factors that
influenced the choice of these metals were their small ionic radius at high
oxidation degrees and the possibility of their luminescence in oxide matrices,
which allows us to count on their sensitization of Er®* ions luminescence.

Fig. 1 shows the “quantum” spectra of luminescence (inset) and its
excitation of synthesized silica glasses of the system Er,O3;—Cr,Os—
Al;03—Li,0-SiO;. It can be seen that their IR luminescence spectrum is a broad
band due to [CrO4]* polyhedra with Amax =~ 1400 nm [6], the long-wavelength
wing of which is overlapped by the *l132 — 115 band of Er®* ions (see curves
3-5). At the same time, the position and shape of the excitation bands of
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luminescence recorded at wavelengths A = 1530 and 1350 nm differ
significantly (cf. curves 1 and 2). In particular, Amax the long-wavelength
excitation band due to chromium ions is shifted to the red side by about 20 nm
when recorded in the luminescence band *l132 — *lisp2. This fact indicates that
only a part of chromium ions sensitizes the luminescence of Er®* ions. The
difference of the effective AL band 113, — *l152 of the latter (54 nm) with the
same name value obtained at the excitation wavelength Aexc = 520 nm, which is
46 nm (curves 4 and 5), allows us to conclude that this “sensitizing” part of
chromium ions is included in Cr—Er centers. Note that the actual values of AL
will be higher, since the luminescence from A > 1610 nm was not taken into
account in the experiment due to the weak sensitivity of the receiver.

Intensity (a. u.)
w

1 1200 1400 1600

600 700 800 900 1000
A (nm)
Fig. 1. Quantum spectra of luminescence (inset) and its excitation for silica glass co-doped

with Er, Cr, Al and Li. Aexc, nm: 380 (3), 420 (4), 520 (5); Arec, Nm: 1530 (1), 1350 (2).

Fig. 2 shows the absorption spectrum, normalized luminescence quantum
spectra (inset) and luminescence excitation spectrum of Er,Os;—Al,03—NiO—
MgO-Li,0-SiO; and Er,03—Al,03—NiO-MgO-Na,0-SiO; system glasses. As
can be seen, the absorption spectrum of the first glass (curve 1) is represented by
three broad overlapping bands at Amax ~ 430, 520 and 600 nm. The absence of
the band at 520 nm in the absorption spectrum of both glasses with Ni?* and Ni®*
[7] allows us to associate it with Ni** ions. It should be noted that at Aexc = 430
nm, this glass exhibits weak broadband (AA ~ 150 nm) luminescence with Amax
~ 500 nm. In the IR region, only luminescence of Er®* ions is observed (see
curves 3, 4), and the replacement of Li by Na in such glass is accompanied by an
increase in its effective AA from 53 to 62 nm. This fact testifies in favor of the
correctness of the used concept indicated in the introductory part.

Here it should be noted that in silica glasses of the Er,Os;—Al,Os—
Ga,03-NiO-Li,0-SiO, system arbitrary realization of Ni?* optical centers is
possible, as evidenced by the appearance of inherent luminescence band with
Amax = 1400 nm, corresponding to the transition 37>(°F) — 3Ax(°F) of Ni?* ions

T T T T
300 400 500
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[8] (see Fig. 3). The fact that these ions sensitize the luminescence of Er3*
ions is also

L 25
5
& - 2.0/\
2 H-E
= 5
=
c - 1.5-%
- 1.0
] T T T T T T T T T T T T T
300 400 500 600 700 800 900 1000

A (nm)
Fig. 2. Absorption spectrum (1), luminescence quantum spectra (3, 4) and its excitation (2)
for silica glasses co-doped with Er, Al, Ni, Mg, Li (1-3) and
Er, Al, Ni, Mg, Na (4). Aexc, nm: 520 (3, 4); Arec = 1530 nm (2).

noteworthy, as indicated by the absence of these latter own excitation band at A
= 320 nm (see Fig. 2, curve 2). However, the efficiency of such luminescence in
homogeneous glasses is very low, since it could not be registered at excitation in
the absorption bands of Ni2* in the visible and IR regions of the spectrum. Note
that the value of the effective A)\ band of sensitized luminescence of Er®* ions is
~ 55 nm. This allows us to assume that Ni?* ions, possessing a weak local field,
do not enter the nearest surroundings of Er* ions.

1.0 4
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00 R T T T T T
1200 1400 1600
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Fig. 3. Quantum spectrum of luminescence for silica glass
co-doped with Er, Al, Ga, Ni, Li. dexc = 320 nm.

Thus, the formation in silica glass of complex optical centers including
erbium and metal ions with high local electric field, as well as alkali metal with
low strength of chemical bonding between it and oxygen allows to realize the
effective half-width of the luminescence band *l13, — #1152 of Er** ions more
than 62 nm.
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COMPACT LASERS BASED ON CRYSTALS WITH RARE EARTH IONS
OPERATING IN THE VISIBLE SPECTRAL RANGE

P.G. Zverev
Prokhorov General Physics Institute of the RAS, Moscow
E-mail: zverev@Ist.gpi.ru

Solid-state lasers based on rare earth (RE) ions pumped with diode lasers
make it possible to develop an efficient compact device operating at various
wavelengths in the near-infrared spectral region. For the visible range, additional
harmonics generation or parametric conversion is usually used, which require
compliance with the phase matching conditions, as well as temperature
stabilization. Therefore, the creation of RE ion lasers that directly generate
coherent radiation in the visible region of the spectrum is of great interest.

Among the RE ions, we note the ions of Pr3*, Sm®", Dy%*, Tbh%", Ho%*, Er®*,
which have metastable energy levels, the transition from which gives radiation
in the visible spectrum [1]. To excite them, it is necessary to use radiation from
the blue and ultraviolet regions of the spectrum, which can fall into the
fundamental absorption band of the matrix. Low absorption and luminescence
cross sections are often observed for these levels, which limits the possibilities
of creating effective visible range lasers.

When using co-activated crystals, excitation can be realized through up-
conversion processes, that is, by transferring the excitation energy from several
donor ions to an acceptor ion with a higher excitation energy. Yb3* can be such a
donor ion, in which there is only one excited level of °Fs,, with a lifetime of the
order of milliseconds. The absence of high-energy levels leads to a lack of
absorption from the excited state. That’s why Yb3* ions can be excited to a high
level of the population inversion. Well-developed GaAs-based diode lasers with
a generation wavelength of 940-980 nm can produce high power energy up to
KW level. They well can be used as an efficient pump source for ytterbium
active medium and further excitation of RE ions due to two-photon cooperative
processes.

In this report we consider the issues of creating lasers based on Th3*, Pr3*,
Er3* ions with excitation by blue semiconductor diodes, the achieved power in
various generation modes, as well as the features of laser operation with up-
conversion excitation by Yb®" ions.

The work was carried out with the financial support from the Russian
Science Foundation, grant No. 23-29-00627.

1. H. Tanaka, S. Kalusniak, M. Badtke, et al., Progress in Quantum
Electron. 84, 100411, (2022).

2. N.K. Giri, S.B. Rai, A. Rai, Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy, 74, 1115 (2005).
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LABORATORY LAYOUT OF THE FIRST-CLASS WORKING STANDARD
FOR MEASURING THE VELOCITY OF LONGITUDINAL SOUND
VIBRATIONS IN SOLIDS

V. V. Semashko®?, A.D. Shishkin'?
!Kazan (Volga Region) Federal University, Kazan
2Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS,
Kazan
E-mail: ars.shishkin@gmail.com

Modern ultrasonic flaw detectors, using technology for generating
broadband ultrasonic pulses, make it possible to measure the speed of sound in
various materials with an accuracy exceeding the accuracy specified in state
standards. The purpose of this work is to develop a laboratory model of a first-
class working standard for measuring the speed of longitudinal sound vibrations
in solids. In accordance with GOST R 8.756-2014, the created working standard
must allow measurements of the speed of sound in the standard sample by two
different methods based on fundamental physical principles.

One of the fundamental characteristics of a solid is the refractive index n,
which is related to the pressure wave - sound. The refractive index can be
measured with an accuracy of 107-10® using interference methods [1]. Thus,
using standard technology for measuring the speed of ultrasonic vibrations in
materials by the delay time of reflected signals from the interfaces of different
media and recording the travel time of an ultrasonic pulse between interfering
laser beams, it is possible to independently determine the desired parameter.

This approach is implemented using a Jamin interferometer and a UDL-
2M flaw detector. KS8 glass is used as the test sample. Laser radiation from a
Nd:YAG laser causes an adiabatic pressure jump in the BGG 22 glued to the
sample (ultrasonic pulse), which propagates deep into the sample. Signals from
the interferometer were recorded by a photodetector with a time constant of
about 10 ps and observed on an AKTAKOM ADS-2221MV oscilloscope. At the
same time, using the UDL-2M, the speed of sound in the sample was measured
by the time-of-flight method.

The experiments carried out indicate the possibility of constructing,
according to the proposed scheme, a new working standard of the first category
for the speed of longitudinal sound vibrations in transparent solids.

1. E. I. Butikov, Optics: Textbook. 3rd ed., additional, St. Petersburg: Lan
Publishing House, 2012.
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ERBIUM AND YTTERBIUM IONS EFFECT
ON THE SPECTRAL-LUMINESCENCE PROPERTIES
OF BISMUTHGERMANATE GLASSES

J.V. Zhegucheval, K.S. Serkina?, .V. Stepanoval, A.A. Eliseeval, M.T. Metlin?
!D.1. Mendeleev University of Chemistry and Technology of Russia, Moscow
?| ebedev Physical Institute RAS, Moscow
E-mail: stepanova.i.v@muctr.ru

Bismuth-germanate glasses exhibit broadband luminescence in the range
of 1000-1500 nm, which allows them to be considered as promising media for
optical amplification [1]. The introduction of Er** and Yb** ions into the glass
composition helps to expand the spectral range of IR luminescence [2].

The purpose of this work was to study the influence of erbium and
ytterbium ions on the spectral and luminescent properties of bismuth germanate
glasses. Glasses with molar compositions 10Bi»03-90GeO; and 10Bi,Os-
85Ge0,-5Na,0, doped with 0.1 mol.% Er,0O3 and 0.2 mol.% Yhb,03, over 100%,
were synthesized during the work. Excitation and luminescence spectra were
recorded using a Jobin-Yvon Fluorolog QM-75-22-C spectrofluorimeter at 300
K using a 450 W Xenon arc lamp as the excitation source.
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Fig. 1. Excitation and luminescence spectra of glasses.

The erbium and ytterbium oxides doping promotes the appearance of
additional excitation and luminescence bands (Fig. 1). The IR region
luminescence of bismuth germanate glasses doped with erbium and ytterbium is
represented by transitions in the Yb®" and Er®* ions, while there is only
luminescence of bismuth active centers (BACs) in undoped samples. It was also
revealed that modification with sodium oxide leads to a broadening of the
BAC’s luminescence band and a shift of the excitation bands.

1. M. Peng et. al., J. Phys.: Condens. Matter, 21, 285106 (2009).
2. G. Lakshminarayana et. al., J. Alloys Compd., 476 (1), 878-883 (2009).
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SPECTRAL LUMINESCENT CHARACTERISTICS
OF Y,03 CERAMICS: Tm-Ho

A.O. Ariskin!, E.M. Bazaeval, M.V. Gerasimov?, V.V. Osipov?,
R.N. Maksimov?, P.A. Ryabochkinal, V.A. Shitov?
! National Research Ogarev Mordovia State University, Saransk
?Institute of Electrophysics, Ural Branch of the Russian Academy of Sciences
E-mail: alehandro.ariskin@yandex.ru

Materials based on one-and-a-half oxides doped with rare earth (RE) ions
are of considerable interest for diode-pumped solid-state lasers [1,2]. High
values of peak absorption and forced radiation cross sections, thermal
conductivity and mechanical characteristics allow us to consider them as active
media of solid-state lasers with high energy characteristics. However, due to the
high melting point of these materials (~ 2450 °C), it is difficult to obtain them in
the form of single crystals. In accordance with this, the interest of researchers is
attracted by optical laser ceramics based on one-and-a-half oxides doped with
RE ions.

In this paper, it is reported on the production of laser ceramics of yttrium
oxide doped with Tm3* ions and soldered with Ho®" ions.

The interest in this ceramic is due to the possibility of pumping using
semiconductor laser lines and matrices with a wavelength of ~ 800 nm at the
level of 3H, Tm3* ions. As a result of the interaction of Tm3* ions through the
process of cross-relaxation (3Hs—3F4, 3He—3F,), the level of 3F4 Tm3* ions is
populated. From the 3F, level of Tm3* ions, nonradiative energy transfer is
carried out to the °I; level of Ho®" ions, which is the upper laser level when laser
generation is obtained in the 2.1 pm region at the °l;—°lg transition of Ho®* ions.

In this work, samples of the concentration range of Y03 ceramics were
obtained: Tm, Ho (Ctn=3 at.%, Cno=1, 3, 6 at.%). Optical microscopy revealed
that optical defects in the form of pores are mainly concentrated in the near-
surface areas of ceramic samples.

Studies of the spectral luminescent characteristics of Y,03; ceramics: Tm,
Ho (Crm=3 at.%, Cno=1, 3, 6 at.%) were performed, as a result of which the
presence of nonradiative transfer from the 3F, level of Tm®" ions to the °I; level
of Ho®" ions was revealed.

1. L. Fornasiero, E. Mix, V. Peters, et al., New Oxide Crystals for Solid
State Lasers Cryst. Res. Technol. 34, 255-260 (1999).

2. K. Petermann, G. Huber, L. Fornasiero, et al., Rare-earth-doped
sesquioxides Journal of Luminescence. 87, 973-975(2000).
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LASER WRITING OF BIREFRINGENT NANOSTRUCTURES IN SILICA
GLASS FOR OPTICAL MEMORY
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2D.1. Mendeleev University of Chemistry and Technology of Russia, Moscow

E-mail: tvs@fo.gpi.ru

Optical memory based on silica glass has an advantage over analogues
due to durability and large capacity. However, it also has a number of
disadvantages. The elementary storage medium, called a voxel, has a larger size
than magnetic media and a lower recording speed. This disadvantage is
compensated by connecting a third coordinate. In addition, the use of submicron
birefringent structures formed by exposing the same micron-sized area of glass
to a sequence of femtosecond laser pulses with linear polarization. This made it
possible to add another dimension to encode information — birefringence — and
increase the recording density. Currently, the maximum write rate of
birefringent voxels is 225 Kb/s, obtained in the laboratory of P. G. Kazansky

[1].

In the above-mentioned method, energy modulation of femtosecond laser
pulses with linear polarisation is applied, the rotation of which encodes the
azimuth of the slow birefringence axis. Such a method is called pulse energy
modulation (PEM), in which the total number of pulses is 8 pulses, the distance
between which is at least 70 ns. We propose a new method to form birefringent
voxels by focusing a declining subnanosecond comb of femtosecond laser
pulses. The comb consists of two parts: the first pulse, whose characteristic
energy is about 45 nJ, and an exponentially decreasing comb formed by the
resonator. The characteristic energy of the exponential tail is 20 % of the energy
of the first pulse. The optimal distance between pulses in the comb is 70 ps. The
mechanism of recording by a subnanosecond comb is disclosed in [2]. But in
this work exponentially decreasing comb of femtosecond pulses was used. In the
present study, by controlling the envelope shape of the subnanosecond comb, we
were able to reduce the total energy of the comb. Thus, the new subnanosecond
comb of femtosecond laser pulses allows us to increase the formation rate of
birefringent voxels up to 2 Gb/s

1.Y. Lei, etal., Optica 8, 1365-1371 (2021).
2. A. Okhrimchuk, et al., Sci Rep 7, 16563 (2017).
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SOLID-STATE LASER ON A Y:3Als012:Er CRYSTAL WITH LASER
SEMICONDUCTOR PUMPING

A.M. Zhamkov, A.O. Ariskin, P.A. Ryabochkina
National Research Ogarev Mordovia State University, Saransk
E-mail: ryabochkina@mail.ru

Lasers generating radiation in the area of 1.5 microns are widely used in
various practical applications: telecommunications, lidar installations, medicine,
etc.

Laser generation in the region of 1.5 microns was obtained on crystals and
glasses doped with Er* ions when they were soldered with Yb3" ions [1]. In
such active media, laser generation in the 1.5 pm region is carried out at the
*1132—*11572 transition of Er¥* ions, while pumping is carried out at the 2Fs, level
of Yb3" ions, and the population of the upper laser level #l13, occurs due to
nonradiative energy transfer from Yb3* ions to Er®* ions.

Currently, there is an alternative method for obtaining laser generation in
the 1.5 pm region at the *li3o—*lisp transition of Er** ions with resonant
pumping to the *1;32 level [2].

In this paper, a simulation of the operation of a laser on a yttrium-
aluminum garnet crystal doped with Er®* ions, generating radiation in the region
of 1.5 microns at the *l13p,—*l152 transition of Er3* ions in continuous and Q-
modulated mode using an acousto-optic shutter, is performed. A comparative
analysis of the simulation results with the experiment is performed.

1. D. A. Bondarenko, V. E. Karasik, L. N. Magdich et al., Bulletin of the
Bauman Moscow State Technical University. 5, 30 (2017).

2. K. N. Gorbachenya, S. V. Kurilchik, V. E. Kisel et al., Quantum
Electronics. 46, 6 (2016).
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ANALYSIS OF EDTA INFLUENCE ON GROWTH PARAMETERS
AND OPTICAL PROPERTIES OF KPD CRYSTAL

S.A. Vilchenko, V.V. Gribko
Federal Research Center A.V. Gaponov-Grekhov Institute of Applied Physics
of the Russian Academy of Sciences (IAP RAS), Nizhny Novgorod
E-mail: sergey.vilchenko@yandex.ru

Potassium dihydrophosphate (KDP) crystals are actively used for the
production of optical elements in laser systems. Studying the possibility of
improving the growth technology of KDP crystals is one of the promising tasks.
Thus, to increase the growth rate of tetragonal prism and bipyramid faces of
KDP crystal, as well as to reduce the influence of trivalent metal ions on the
growth process, various complexons can be used. One of such chemical
compounds is ethylenediaminetetetraacetic acid (EDTA).

To study the effect of EDTA on the growth of KDP crystals and their
morphology, a number of impurity concentrations in the growth solution were
chosen: 0.001, 0.005, 0.015, 0.02, 0.035, 0.05 mol %. It follows from the data
obtained that the addition of EDTA leads to a decrease in the dead zone and an
increase in the prism face growth rate as a function of supersaturation.

Transmission spectra of the grown crystals were also obtained; addition of
EDTA to the growth solution led to an increase in the transmittance value in the
wavelength range 250-1100 nm (Fig. 1).
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Fig. 1. Transmission spectra of the grown crystal (black — KDP without EDTA, blue — KDP
with added EDTA C = 0.005 mol%, red — KDP with added EDTA C = 0.025 mol%).

The study shows that the addition of EDTA to the growth solution leads to
an increase in the rate of facet growth without disturbing the crystal structure.
The effect of EDTA on growth parameters and properties of KDP crystal show
promising results for further investigation of EDTA concentration series in KDP
growth solutions.
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DIAMOND BLADE PROCESSING OF KRS-5 CRYSTALS

A.A. Pakhomova, M.S. Kuznetsov, K.S. Zaramenskikh, S.M. Pilyushko,
A.R. Romanenko, M.V. Morozov
JSC "State Research and Design Institute of Rare Metal Industry "Giredmet",
Moscow
E-mail: AAPahkhomova@rosatom.ru

KRS-5 crystals (TIBr —TII) have high values of indicators necessary for
functional optical materials used to create various elements (lenses, prisms, etc.).
Uniform transparency in the IR and visible spectral regions (0.35-50 microns),
transmission up to 70% in the absence of absorption bands, the ability to the
achievement of absolute transmittance when applying an antireflection coating,
mechanical, vibration strength, chemical and moisture resistance make it
possible to call this optical material one of the most promising [1-3].

The problems hindering the widespread use of KRS-5 crystals are related
to the inability to use traditional processing methods. The material is soft,
plastic, has a high coefficient of thermal expansion, low thermal conductivity,
high anisotropy, therefore, after processing, a deep disturbed layer of the crystal
structure is formed. A suitable method is diamond blading on ultra-precision
machines.

Preliminary experiments on the processing of a cylindrical billet from
KRS-5 showed an alternation of brittle fracture zones and defect-free zones,
which leads to the conclusion that crystallographic orientation affects surface
quality. Considering the influence of the position of the KRS-5 workpiece on the
quality of the final material, a two-stage crystal processing technique by
diamond milling was implemented instead of the turning technique.

During the first stage, the best orientation of the workpiece was
determined, the stage was implemented on an ultra-precision stand. During
processing, the workpiece performed rotational movements around its axis. The
trajectory of the diamond cutter passed through the axis of rotation of the
workpiece.

According to the location of the brittle fracture zones formed during
processing, taking into account the known trajectory of the cutter, conclusions
were drawn about the optimal orientation of the workpiece, capable of providing
plastic removal of the material without brittle destruction.

The second stage consisted in processing a correctly oriented part. At this
stage, the workpiece was moving relative to the milling head with a feed motion
without rotation. The remaining traces of brittle fracture after the first stage were
completely eliminated by processing in the new mode. Further processing was
carried out in finishing modes with a diamond cutter with a radius of 5 mm. At
the same time, the complete elimination of traces of destruction is possible
provided that the processing method and the position of the workpiece are
correctly determined.

Crystals with a surface roughness typical for KRS-5 — Ra of 0.01 microns
were obtained.

192


mailto:AAPahkhomova@rosatom.ru

It is possible to improve the accuracy and quality of processing.

The proposed method of processing KRS-5 crystals will increase the
productivity of manufacturing optical products while ensuring the necessary
accuracy and quality.

The authors express their gratitude to the staff of the Scientific and
Production Association "Aspherica" — E.M. Zakharevich and V.V. Lapshin for
their participation in conducting theoretical and experimental research.

1. T. I. Darvoyd, E. K. Karlova, H. B. Karlov, Quantum Electronics. Vol.
2, No. 4, pp. 765-772 (1975).

2. M. S. Kuznetsov, K. S. Kiseleva, I. S. Lisitsky, Non-Ferrous Metals.
No. 4, pp. 81-84 (2011).

3. I. S. Lisitsky, M. S. Kuznetsov, K. S. Zaramenskikh et al., Non-Ferrous
Metals. No. 11, pp. 67-71 (2012).
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STUDY OF POLARIZATION MODE DYNAMICS IN A SHORT CAVITY
FIBER LASER

V.A. Kamynin, A.l. Trikshev, A.V. Shirmankin, A.A. Rybaltovsky,
S.E. Sverchkov, B.l. Denker, V. B. Tsvetkov
Prokhorov General Physics Institute of the RAS, Moscow
E-mail: shirmankin123@gmail.com

Narrow line fiber lasers that generate two orthogonally polarized cavity
modes are of interest as precision linear temperature and strain sensors [1]. The
beat frequency of the polarization modes is in the radio frequency (RF) range.
This offers the advantages of easy interrogation, high signal-to-noise ratio,
absolute encoding, and the ability to multiplex multiple sensors.

In this work, a fiber laser with a short Fabry-Perot cavity was
investigated. The active element was a composite ytterbium fiber of standard
diameter (125 um) with a high content (2.5 wt. %) of Yb3* ions in the core [2].
The resonator was formed on a ~2 cm section of the fiber by two Bragg gratings
with a reflection maximum at a wavelength of ~1069 nm. Radiation with a
wavelength of 976 nm was used for pumping. The color map of laser output
emission obtained at different pump powers is shown in Fig. 1a.

The laser was generated in the continuous wave regime, and beats of
orthogonally polarized modes were observed at a frequency of 18.4 GHz (Fig.
1 b). This value corresponded to an effective resonator length of 5.5 mm. The
beat frequency varied from 18.403 to 18.415 GHz depending on the cavity
temperature (Fig. 1 c).
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Fig. 1. a) Colormap of the emission spectra measured at different pump powers;
b) RF radiation spectrum; c) RF radiation spectrum at different resonator temperatures.

Beats at a lower frequency of 300 MHz were also recorded. With changes
In temperature and laser pump power, the frequency of these beats varied in the
range of 230 to 330 MHz.

1. Y.-N. Tan et al. Opt. Express, vol. 19, N 21, pp. 20650-20656, (2011).
2. M. Yu. Koptev et al. Photonics, vol. 9, p. 760, (2022).
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RESEARCH OF COMPOSITE OF THE TAPERED FIBER-CRYSTAL
BaFo:Yh:Er

A.V. Shirmankin V.A. Kamynin, S.V. Kuznetsov, V.A. Konyuskin,
A.N. Nakladov, A.A. Alexandrov, V.B. Tsvetkov
Prokhorov General Physics Institute of the RAS, Moscow, Russia
E-mail: andreishirmankin34@gmail.com

Crystals and fibers doped with rare earth elements (REE) form the basis
of most modern laser systems. Thus, crystals make it possible to achieve high
specific gains, and fibers have a number of technological advantages (effective
cooling, resistance to external influences, compatibility with other fiber devices)
[1,2]. Combining the best qualities of different types of active media is an
interesting and non-trivial task, the solution of which will allow achieving
optimal results for the quality of the generated radiation.

In this work, the possibility of introducing luminescence from a
BaF,:YDb:Er crystal into a conical optical fiber was studied. To do this, using the
Vytran GPX 3400 installation, several samples of conical fibers (tapers) with
different longitudinal profile geometries were created, that is, with different
lengths and diameters of the waists. Tapers with lengths from 4 to 5 cm and
waist diameters from 15 to 30 um were created (an example of one of the tapers
Is shown in the inset in Fig. 1). For their manufacture, standard single-mode
fiber SMF 28 was used. Next, the tapers were placed on a BaF,:Yb:Er crystal
with a diameter of 10 mm, forming an optical contact between the waist and the
surface of the crystal. Transverse pumping of the crystal was carried out using a
multimode diode laser with a lasing wavelength of about 976 nm. The
luminescence introduced into the conical fiber was analyzed using a Yokogawa
AQ6370D optical spectrum analyzer. As a result, the possibility of introducing
luminescence from BaF.:Yb:Er crystals into conical fibers was demonstrated

(Fig. 1).
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Fig. 1. Spectrum power density of complex tapered fiber and crystal BaF.:Yb:Er
and profile tapered fiber on the insert.

The result obtained shows the possibility of transverse input of radiation
from external sources into a conical fiber. In the future, using this complex of a
conical fiber and a crystal doped with rare earth elements, it is possible to create
optical amplifiers or fiber lasers pumped through the side surface.

1. G. Huber, C. Krankel, K. Petermann, J. Opt. Soc. Am. B. 27, B93 —
B105 (2010).
2. S. Addanki, I. S. Amiri, P. Yupapin, Elsevier. 10, 743 - 750 (2018).
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ONTOAKYCTWYECKUE TEXHOJIOT MU B JEGEKTOCKOIIUU
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enp mokianma: TMO3HAKOMUTH CIyHIATeNEed IIKOJIbl C YHUKaJIbHOU
TEXHOJIOTHEH ONTOAKYyCTUUYECKOW JIUArHOCTUKH pas3IMYHBIX MaTEepPHAIIOB H
U3JICINH, @ TaKKe MEePCIICKTUBBI MPUMEHEHHS TOW TEXHOJIOTHUHU JIJIT MEIUITMHBI
U papMaleBTUKH.

B mMarepuwanioBelcHUM  TEXHOJOTHS  YCICHNIHO TPUMEHSETCS IS
UHTPOCKOIIMM METAJJIOB, CIIaBOB, KOMIIO3UTOB (B T.4. apMHUPOBaHHBIX
YIJAEPOIHBIM W YIJICPOJHBIM BOJOKHOM) W T.A. OHa IO3BOJSET BBISABIATH
JIOKaJIbHBIC HEOJIHOPOIHOCTH MX BHYTPEHHEH CTPYKTYpPHI (TUIOTHOCTH, MOJIYJIH
yOPYIOCTH, TOPUCTOCTh, HAJIMYWE TPCIIWH, BKIIOUCHUW, TpaHYJISAINH,
paccioeHusi, 1e(PeKTOB CKICHKU U T.J.) U OCYIIECTBIIATh OIICHKY OCTATOYHOM
NPOYHOCTH KOHCTPYKIIMM, PpAaCIpeACICHHe OCTAaTOYHBIX W JICHCTBYIOIIHUX
MEXaHUYECKUX HAMpsHDKEeHUH U T.J. ¢ TIPOCTPAHCTBEHHBIM pa3pelieHueM B 2-5
pa3 MpEeBBIIIAIOIIEH TPAAUIIMOHHBIN YIBTPa3ByKOBONH KOHTPOJIb.

B meaunune ee BHeApeHHE MO3BOJIUT BBHINTH HA MPUHIIMIHAIBHO HOBBIN
YpOBEHb JMArHOCTUKA M JICYCHHS] «IOJ KOHTPOJEM» OHKOJOTUYECKUX W
CEPIIEYHO-COCYIUCThIX 3a0osieBaHuil. OHa TO3BOJIIET OCYLIECTBISATH MHKPO-
aurrorpad@uio U (QYHKIIMOHAIBHYIO MHKPOCKONHMS KalWUISIPOB, BHYTPHUCOCY-
JTUCTYIO BH3yaJIU3aIMI0 aTePOCKICPOTHUYECKUX OJIAIIEK, MPOILEeccoB TPoMOO-
o0pa3oBaHusA, a TaKkKe MO3BOJISIET OCYIIECTBIISITH CBEPXPAHHIOI TUATHOCTHU-
YECKYI0 BU3YAJIM3aIMUIO MpU pazMepe omyxonu < 1-3 mMm. Kpome toro, ona
o0nagaeT OrpOMHBIMU TIEPCIIEKTUBAMH MPUMEHEHUsSI B (papMalleBTUKE B 4acTU
pa3pabOTKH HOBBIX MpENapaToB HAIMPaBIECHHOTO IeHCTBUA. TexHoyorus mo-
MyCKaeT KOMOMHAIIMIO C IPYTMMHU METOJAMH TUATrHOCTUKH IyTEM BCTPAWBaHUS
B Pa3UYHbIC CIICIUATN3UPOBAHHBIC TUArHOCTUYECKUE KOMILICKCHI.

OUIL KasHII PAH comectHo ¢ MOD PAH 3anumaercs coziaHueMm
nuHelku TnpubopoB Ha ocHoBe Jnedexrockoma YJJI-2M um  ananora
MEIUIIMHCKOTO  ONTOaKyCTHYECKOTo  ToMmMorpada  «Symphony”  rpymmbl
komnanuu Tomowave (CLLIA-Kuraii-Poccus).
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OINTUYECKAS VJILTPAMUKPOCKOIHNS OJIMHOYHbBIX
HAHOYACTULL B BOJAHBIX CPEJAX JUUIS 3AJIAY BUOMEULIUHBI

IO.I". Baiinep'?, I".O. Cunaes'?, B.3. Jlankun®, A.T. llaiigymun®?,
E.O. Opnosckas®, 10.B. Opnosckuii*
YUnemumym cnexmpockonuu PAH, Mockea, Tpouyx

2Hayuonanvulil UCC1e008ameNbCKUll YHUGEPCUME

«Buvicwas wixona skonomuxu», Mockea
SHayuonanvholil MeOUYUHCKULL UCCIE008AMENbCKULL YEHMP KAPOUOLOUL
um. axaoemuxa E.U. Yazoea Munzopasa, Mockea
*Uncmumym obweti pusuxu um. A.M. IIpoxopoea PAH, Mockesa
E-mail: vainer@isan.troitsk.ru

CranmapTHRIMU MeTOJlaMM Buzyanu3auuu Hanodactul] (HY) sBastorcs
AJIEKTPOHHAs M aTOMHO-CUJIOBAash MUKpOckomnus. OIHAKO OHU MajOJO0CTYITHBI,
XapaKTEePU3YIOTCSL CIIOKHOM TMPOIEAYpOl TMOJATOTOBKM 00pa3iia W OOJbIITUM
BPEMEHEM M3MEPEHUS U, KPOME TOTO, OKA3bIBAIOT HEXKEJIATEIbHOE BO3JAECHCTBUE
Ha HcclenyeMble O0BeKThl. [IpUHIMNUATBHBIM HEJIOCTATKOM DJIEKTPOHHOU
MUKPOCKOIIMU SIBJISIETCA TO, YTO ATOT METOJ MPAKTUYECKH HEIPUMEHUM IS
UCCIeIOBaHNN OOpa3loB B BOJHBIX CpeJax, 4YTO CHJIBHO OTrPaHHYHBACT
BO3MOKHOCTHU €T'0 UCIOJIb30BAHUS JJIsI U3YUEHUSI OUOJIOTUYECKUX O0BEKTOB.

MeTtoapl ONTHYECKON JAMArHOCTUKU CBOOOJHBI OT 3THX HEJOCTATKOB, HO
oOnagaroT Oojiee HU3KUM IPOCTPAHCTBEHHBIM pasperieHueM. CylecTBEeHHO,
YTO OHHM XapaKTEePU3YIOTCS BBICOKOH OINEpaTUBHOCTHIO, OoJjiee JOCTYyHHBI U
NO3BOJISIFOT JIOCTUYb YYBCTBUTENBHOCTh, JOCTATOYHYH ISl BU3yalW3alUU
oauHo4uHbIX HY, aTOMOB 1 MOJIEKYII.

B noxmane coobmiaeTcss 0 peanbHBIX BO3MOXKHOCTSIX W pe3yjbTaTax
NpUMEHEHHUs] pa3pabO0TaHHOTO B KOJUIEKTHBE BBICOKOUYBCTBHUTEIBHOTO JIa3ep-
HOTO yJbTpaMuKpockomna [1], mpeaHasHaueHHOTO JJi UCCIEIOBaHUN B BOJHBIX
cpenax oamHouHbix HY, Brmowas HY Owuomormueckoit mnpuponsl. Paspa-
OOTaHHBIM MUKPOCKOIT TIO3BOJISICT BU3YaIM3UpOBaTh oguHoYHBIe HY pasmepamu
no 10 HM 1 MeHee, U3MEPATh UX THAPOAMHAMUYECKHUI THAaMETpP, OCHOBBIBASIChH
Ha aHaliM3€ TPACKTOPUUA HMX OpPOYHOBCKOTO JBIXKCHMS, W3y4yaTh MPOIECCHI
arperaunu aHanuzupyeMblx HU u omnpenenars mIOTHOCTh 00pa3yeMbIX arpe-
raToB. B 4acTHOCTH, M3JIararoTCs pe3yJbTaThl U3yUYEHUs IPOLECCOB arperauuu
kpuctammueckux HY nantana d¢rtopuna LaPOs, ngomupoBaHHBIX HOHAMH
npaseoquma Pr’*, cHHTE3MpOBAaHHBIX ¢ MPUMEHEHHEM METOJa THAPOTEpMAab-
HOTO KOJUIOMJHOTO CUHTE3a; IMpeaHa3HaueHHbIX s YP-C Tepanuu pakoBBIX
OITyXOJieH, 00CYKIal0TCA PE3YIbTAThl TUarHOCTUKU PACTBOPOB JIMIIOMIPOTEUHOB
HHU3KOU IJIOTHOCTH, BBIJICJICHHBIX U3 IJIa3Mbl YEJIOBEUYECKOW KPOBH, MPUBOASATCA
MIPUMEPBI U3YUYEHUSI BOOHBIX pacTBOpoB Apyrux HY.

1. G.O. Silaev et al, Phys. Wave Phenom. 31, 160-170 (2023).
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TEITVIOBOE U3JIYYEHUE B JUSJIEKTPUYECKNX HAHOYACTULAX
C BBICOKOUN KOHUEHTPALIMEN P3-MOHOB U EI'O BOSMOXHOE
[MPUMEHEHUE B ME/IMIIHE

C.A. Xpymanuna, [T.A. Pa6oukuna, B.W. llnankuna, C.O. Kykapkuna,
E.D. 3umun, A.Jl. TapateiHoBa, M.B. Xypasnes, A.A. I'aneeBa, B.C. bobpos,
A.C. AnekceeBa
Mopoosckuii cocyoapcmeennwiil ynusepcumem um. H.I1. Ozapésa, Capanck
E-mail: anabel-2005@yandex.ru

B nupnexkTpuueckux HaHOYACTHUIAX, JISTUPOBAHHBIX PEAKO3EMEIbHBIMU
(P3) nonamu, npu ux Bo30yXJAECHUU B MOJOCHI MOTJIOMICHHS JTAHHBIX HOHOB, KaK
paBUJIO0, BO3HUKAET JroMHUHeclHeHnus. [Ipu moBbIieHun KoHueHTparuu P3-
MOHOB UM TUIOTHOCTH MOIIHOCTH BO30YXKJAIONIEr0 HM3JIyYEeHHUS B YKa3aHHBIX
YaCTHUIIAX MOXKET MOSBUTHCA TerioBoe uanydeHue [1]. Hamu Obul mpesyoxeH
MEXaHW3M BO3HHKHOBEHUS ATOTO H3JIy4eHHUs. TaKke HUCCIEOBAHUE YaCTHI
Pa3IMYHBIX COCTABOB IMOKAa3aj0, YTO HAJIWMYHUE JIAHHOTO U3JIYYEHUS 3aBUCUT OT
IIMPHUHBI 3aIIPEIICHHON 30HBI MaTepHUasa U KOJu4ecTBa 1e(EeKToB B HEM.

[Tockonmbky TmOJ JEHCTBHEM WHTEHCHBHOTO JIQ3€PHOTO U3JITYyUYCHHS
YaCTHUIIbl 3HAYUTEJIBHO HArpeBarOTCsA, TO OHU MOTYT OBITh HCIIOJIB30BAHBI JIJIS
yCWJIEHHUS TemioBOoro »3d@dexra Jia3epHOro H3INMy4YEHUs, HaMpuUMep, Ha
OMoIOrMYecKy o TkaHb. HaMu ObUTH MpOBEACHBI 3KCIIEPUMEHTHI IN-Vitro u in-
VIVO, KOTOpbIE TO3BOJIMIM BBIOpaTh HaWOOJEE MOAXOJSAIINE JJIS 3TOW MEeH
4qacTHUIlBl. B Xo/e sKCrepuMeHToB IN-VIVO MPOJeMOHCTPUPOBAHA BO3MOXKHOCTD
JICYEHHs 3JIOKAYECTBEHHOTI'O TOBEPXHOCTHOIO HOBOOOpPA30BaHUsSI (MEIaHOMBI
B16) nyrem Bo3zaeiicTBus 980 HM Ja3epHOTrO M3IYy4YEHHUsI C MPEIABAPUTEIBHOM
MOKPHIMEM YaCTHIIAMH Ha OCHOBE JIMOKCHUJA IIUPKOHHUS, JIETMPOBAHHOTO
UTTepOUEM, a TaKXKe IMPU BHYTPHUOIIYXOJEBOM PACIOJIOKEHHUH ATHUX YACTHIL.
OmnpeneneHa MUTOTOKCUYHOCTH YACTHIL.

B  macrosmedrt pabGoTe mpeacTaBieHO 000O0IIEHHE  PE3yJIbTaTOB
UCCJICIOBAHUS TETUIOBOTO HM3JYyYEHHUs B PA3IMYHBIX YAaCTHUIIAX U PE3YJIbTATOB
BBIIICYIIOMSHY TBIX SKCIIEPUMEHTOB IN-VItro u in-vivo.

HccenenoBanue BRIMOJIHEHO 3a c4eT rpanTa Poccuiickoro HaydHoro ¢poHma

Ne 23-72-01099, https://rscf.ru/project/23-72-01099/.

1. P.A. Ryabochkina, S.A. Khrushchalina, V.M. Kyashkin et al. JETP
Lett. 103, 743-761 (2016).

2. P.A. Ryabochkina, S.A. Khrushchalina, A.N. Belyaev et al., Quant. EI.
51, 1038-1043 (2021).
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O BO3MOXHOCTU UCITOJIb30BAHNW I MUKPOUYACTUL] LiHoF4
B KAYECTBE BU3YAJIM3ATOPOB MHTEHCUBHOCTH
KBY-U3JIYUEHHUA

B.W. Konecnukosal, I'.C. Illakypos?, O.A. Mopo3os?, C.JI. Kopa6nenal,
B.B. Cemamko®?
'Kazanckuii (Tlpusonacckuii) pedepanvuoiii ynusepcumem, Kazamno
2Kaszanckutl usuxo-mexnuveckuti uncmumym um. E.K. 3asoiickozo, Kazamnw
E-mail: kazlerka@gmail.com

B Ouoduzuke n GuoMenuiuHe cymecTByer GyHIaMeHTaIbHas mpolaemMa
OOBSICHEHUSI MEXAaHU3MOB JIEUeOHOTO  BO3JACHCTBUSI HU3KOMHTEHCHUBHOTO
AJIEKTPOMArHUTHOTO M3aydeHus: kpaitHe Bbicokux dactoT (KBY) mo 300 I'Tnh
[1]. Knunuuecku ycrtaHoBiieHo, 4yTo Bo3aeiictBue KBY wuznmydenus cormpo-
BOXKIaeTCs nposindepaTuBHBIM d3PEHEKTOM U CIIOCOOCTBYET 3aKUBJICHUIO paH U
BOCCTAHOBJICHUSI KJIETOYHBIX CTPYKTYp Tocie BocnajieHuid. OIHaKoO Mpuposa u
CBsI3b OMO(U3MUECKUX MPOIIECCOB C IHEPTeTUUEeCKUMHU XapakTepuctukamu KBY
U3JIy4eHUs JI0 CUX TIOp OJHO3HAYHO HE YCTAHOBJIGHA, B YAaCTHOCTH, H3-3a
npoOjieM TPOCTPAHCTBEHHOW METPOJIOTHU DJICKTPOMATHUTHOTO H3Ty4YCHUS
ATOTO JIhara3oHa.

B pabote mokazano, 4yro Mukpouactuibl (M/4) LiIHOF, siBisitorcs, oaHO-
BPEMEHHO, MaTepuaioMm, dddexktuBHo noromarwmum KBY uznydenune u tep-
MOYYBCTBUTENBHBIM JTIOMHUHO(POpOM. COBOKYITHOCTh 3THUX CBOWCTB MpE/ICTaB-
JSI€TCSl MEPCIIEKTUBHON ISl BU3yaIu3alMi MPOCTPAHCTBEHHOTO pacIlpeeICHUs
u u3MepeHuil nHTeHcuBHOCTH KBY n3nmyyeHus.

Bnepseie nzyuensl criektpsl norsonieHus m/4 LiHoF4 B o6mactu 200-600
ITu. HccnegoBaHbl TeMHeEpaTypHbIE 3aBUCUMOCTHM ONTHYECKUX CIEKTPOB
BO30YXKJIEHUSA, JTIOMHHECICHIIMM M KUHETUKH JIIOMHHECUEHIIUU 3TUX M/4 B
nuana3zone temnepatryp oT 80 mo 340 K. YcraHOBIIEHO, YTO 3TH YaCTHUIIBI C
YCIIEXOM MOT'YT OBITh MCIIOJIB30BaHbI JJIs JIFOMUHECIeHTHOH LIR-TepmMomeTpum.
[Ipu »TomM Hambombinass aOCONIOTHAs TeMIepaTypHas YyBCTBUTEIbHOCTD
peanusyercs a1s nepexona °Fs — °lg nonos Ho®* nocturas snauenwmit ~0.35 K
npu temnepatype 80 K n ~0,028 K! B 001acTé KOMHATHBIX TeMIepaTyp.
OueHku, MpPOM3BEACHHbIE B [2], MOKa3bIBAIOT, YTO MO HW3MEHEHHUIO IIBETOBBIX
XapaKTEpUCTUK JIOMUHECUEHIIMM JAHHBIX YaCTHI[ MOXHO OCYILIECTBUTH
BU3yalu3aluio pacnpeneneHus uHTeHcMBHOCTH KBY wu3nyuenus B paboueit
00JaCTH BBIMYCKAEMBIX TMPOMBINIJIEHHOCThIO (Pu3noTepaneBTHyeckux KBY-
anmaparoB. Kpome Toro, m/4u LiHoFs4 Moryt ObITh Takke HCIONH30BAaHBI B
3a/ladyax OHKOJOTHYECKas AJIEKTPOMATHUTHON M (POTOAMHAMUYECKON Teparuu.

HccnenoBanus npoBOAWINCH B paMKax rocyaapcTBeHHOTO 3ananus OUILL
«Kazanckuit Hayunsiii neHTp PAH».

1. V.V. Kir’yanova, et al, Russian Journal of Physiotherapy, Balneology
and Rehabilitation 15, 209-215 (2016).
2. V.V. Semashko, et.al. The 30th Int.Conf. on Advanced Laser
Technologies (ALT’23), Samara, Russia, N-1-3, Sep.18-21 (2023).
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MOJEJIMPOBAHUE TTPOLIECCA 5BJIK 1 OIIPEJEJIEHUE
TEMIIEPATYPHBIX XAPAKTEPUCTHK BEHGBI [TPU BO3JAENCTBUU
HA HEE JIABEPHBIM U3JIYUHEHUEM PA3JIMUYHbLIX /IJIMH BOJIH

A.JI. TapareinoBa, A.H. benses, O.C. bymrykuna, B.W. /{laBbiakus,
IL.A. Ps6oukuna, C.A. XpyuiaauHa
Mopoosckuti cocyoapcmeennviil ynusepcumem um. H.11. Ozapésa, Capanck
E-mail: taratynova@e-mordovia.ru

Merton sHaoBa3zanbHON nazepHout koaryisiuuu (OBJIK), ucnons3zyembrit
JUISL  JICUGHUS] BApPUKO3HOW OOJIe3HW, SBISETCS MAJIOWHBA3UBHBIM M Ha
CETOJIHSIIIHUN JIEHb CaMbIM TOMYJSPHBIM CpeIud BCEX CMOCO0O0H JIeUeHUS
BapMKO3HOIO paciiupeHuss BeH (ucmoisibdyercss B 70 % cinydaeB JaHHOTO
3aboneBanus). M HecMOTpst Ha pa3BUTHE AAHHON METOJMKUA U CETOAHS TOCIe
IMPOBEJACHUSI JaHHOW TPOLIEAYphl BCTPEYAETCS PSA  OCIOXKHEHUU, Ccpeau
KOTOPBIX Han0oJiee YaCThIMHU SIBJISIFOTCS TEMATOMBI M mlapecTe3uu [1].

bonbmmHCTBO My OJIMKaINM, AHAM3UPYIOIIMX OCJIO0XXHEHUS I10CIIE
OBJIK, cBUACTENBCTBYIOT O TOM, UYTO KOJHUYECTBO IOCJICONEPAIIMOHHBIX
OCJIOKHEHUM 3aBUCAT OT XapaKTEPUCTUK UCTOJIB3YyEMOr0 JIa3epHOTO M3ITy4YCHUS
(ITTMHBI BOJTHBI, 3HAaYEHUSI MOIIHOCTU M3JIYUYCHHMs), a TaKKe CKOPOCTH H3BIIC-
YEHUsI ONTUYECKOTO CBETOBO/Ia U3 BEHO3HOTO cocyia [2].

s pemenus npo6siemsl ontumuzanuu npouenypsl IBJIK Heobxomumo
YCTAHOBUTHh  3aBUCHUMOCTb MEXKAY SHEPreTUYECKHMMHU XapaKTEPUCTUKAMU
JIA3epHOT0 M3IyYEeHHs U TuaMeTpoM cocyaa. OHUM U3 criocoO0B OIpeiesieHus
ONTUMAaJbHBIX NapamMeTpoB s nposeacHus OBJIK sBisercss KOMObIOTEpHOE
MojenupoBanue [3,4].

B pamkax maHHOW paboThl OyIeT pacCMOTPEH CIOCOO KOMIBIOTEPHOIO
MOJCIHPOBaHuS B nporpaMmmHoMm obOecrieuenun COMSOL Multyphysics, kak
CPEACTBO CO3/IaHUS MOJIENIU MpoLiecca, OLIEHEHbI PE3yIbTaThl MOJICIUPOBAHUS U
MPOBEICH UX CPABHUTEIBHBIN aHAIN3 C Pe3yJIbTaTaMH YKCIICPUMEHTOB in-ViVo.

1. J.Y. Park, et al., Dermatol Surg. 40(4), 383-389 (2014).

2. A.B. Massaki, et al., Lasers Surg Med. 45(2), 123-129 (2013).

3. S. Mordon, et al., BioMedical Engineering OnLine 5, N. 26 (2006).
4. A.A. Poluektova, et al., Lasers Med Sci. 29(2):441-452 (2014).


mailto:taratynova@e-mordovia.ru

Laser technologies in biology
and medicine



OPTOACUSTIC TECHNOLOGIES IN DEFECTOSCOPY AND MEDICINE

V.V. Semashko’?, A A. Karabutov?, A.A. Oraevsky* Yu.P. Brodnikovsky*
! Kazan (Volga Region) Federal University, Kazan
2E.K. Zavoisky Kazan Institute of Physics and Technology, FRC KazSC RAS,
Kazan
3 Prokhorov General Physics Institute of the RAS, Moscow
“Tomowave Laser LLC, Kazan
E-mail: uadpcy@mail.ru

The purpose of the report is to introduce to the unique technology of
optoacoustic diagnostics of various materials and products, as well as the
prospects for using this technology for medicine and pharmaceuticals.

In materials science, the technology is successfully used for introscopy of
metals, alloys, composites (including those reinforced with carbon and carbon
fiber), etc. It allows you to identify local inhomogeneities in their internal
structure (density, elastic moduli, porosity, the presence of cracks, inclusions,
granulation, delamination, gluing defects, etc.) and assess the residual strength
of structures, the distribution of residual and effective mechanical stresses, etc.
with a spatial resolution 2-5 times higher than traditional ultrasonic testing.

In medicine, its implementation will allow us to reach a fundamentally
new level of diagnosis and treatment ‘“under control” of oncological and
cardiovascular diseases. It allows microangiography and functional microscopy
of capillaries, intravascular visualization of atherosclerotic plaques, thrombus
formation processes, and also allows for ultra-early diagnostic imaging for
tumor sizes < 1-3 mm. In addition, it has great prospects for use in
pharmaceuticals in terms of the development of new targeted drugs.

The technology allows combination with other diagnostic methods by
being integrated into various specialized diagnostic complexes.

The Federal Research Center of the Kazakh Scientific Center of the
Russian Academy of Sciences, together with the Institute of General Physics of
the Russian Academy of Sciences, is creating a line of devices based on the
UDL-2M flaw detector and an analogue of the medical optoacoustic tomograph
“Symphony” from the Tomowave group of companies (USA-China-Russia).
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OPTICAL ULTRAMICROSCOPY OF SINGLE NANOPARTICLES
IN AQUEOUS ENVIRONMENTS FOR BIOMEDICAL PURPOSES

Yu.G. Vainer*?, G.O. Silaev!?, V.Z. Lankin®, A.T. Shaidulin®*,
E.O. Orlovskaya®, Yu.V. Orlovsky*
!Institute of Spectroscopy RAS, Moscow
?National Research University Higher School of Economics, Moscow

3National Medical Research Center of Cardiology

named after Ye.l. Chazov of the Ministry of Health
of the Russian Federation, Moscow

* Prokhorov General Physics Institute of the RAS, Moscow
E-mail: vainer@isan.troitsk.ru

Standard methods for visualizing nanoparticles (NPs) are electron and
atomic force microscopy. However, they are not readily available and are
characterized by a complex sample preparation procedure and a long
measurement time and, in addition, have an undesirable effect on the objects
under study. The fundamental disadvantage of electron microscopy is that this
method is practically inapplicable for studying samples in aqueous
environments, which greatly limits the possibilities of its use for investigation of
biological objects.

Optical diagnostic methods are free from these disadvantages, but have a
lower spatial resolution. It is important that they are characterized by high
efficiency, are more accessible and allow achieving sensitivity sufficient for
visualizing single NPs, atoms and molecules.

The talk reports on the real possibilities and results of using a highly
sensitive laser ultramicroscope developed by the team [1], intended for studying
single NPs in aqueous environments, including NPs of biological nature. The
developed microscope makes it possible to visualize single NPs with sizes up to
10 nm or less, measure their hydrodynamic diameter based on the analysis of the
trajectories of their Brownian motion, study the processes of aggregation of the
analyzed NPs, and determine the density of the formed aggregates. In particular,
the results of studying the processes of aggregation of crystalline lanthanum
fluoride LaPO4 NPs doped with praseodymium Pr3* ions, synthesized using the
hydrothermal colloidal synthesis method, intended for UV-C therapy of cancer
tumors, are presented; the results of diagnostics of solutions of low-density
lipoproteins isolated from human blood plasma are discussed, examples of
studying aqueous solutions of other NPs are given.

1. G.O. Silaev et al, Phys. Wave Phenom. 31, 160-170 (2023).
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THERMAL RADIATION IN DIELECTRIC NANOPARTICLES
WITH HIGH CONCENTRATION OF RE IONS AND ITS POSSIBLE
APPLICATION IN MEDICINE

S.A. Khrushchalina, P.A. Ryabochkina, V.I. Shlyapkina, S.E. Kukarkina,
E.E. Zimin, A.D. Taratynova, M.V. Zhuravlev, A.A. Gadeeva, V.S. Bobrov,
A.S. Alekseeva
National Research Ogarev Mordovia State University, Saransk
E-mail: anabel-2005@yandex.ru

In dielectric nanoparticles doped with rare-earth (RE) ions, when they are
excited in the absorption bands of these ions, luminescence usually occurs. With
an increase in the concentration of RE ions and the power density of the exciting
radiation in these particles, thermal radiation may appear [1]. We have proposed
a mechanism for the occurrence of this radiation. Also, a study of particles of
various compositions showed that the presence of this radiation depends on the
width of the forbidden zone of the material and the number of defects in it.

Since the particles heat up significantly under the action of intense laser
radiation, they can be used to enhance the thermal effect of laser radiation, for
example, on biological tissue. We conducted in-vitro and in-vivo experiments,
which allowed us to select the most suitable particles for this purpose. During
the in-vivo experiments, the possibility of treating a malignant superficial
neoplasm (melanoma B16) by exposure to 980 nm laser radiation with
preliminary coating with particles based on zirconium dioxide doped with
ytterbium, as well as with the intratumoral location of these particles, was
demonstrated. The cytotoxicity of the particles was determined.

This paper presents a summary of the results of the study of thermal
radiation in various particles and the results of the above-mentioned in-vitro and
in-vivo experiments.

The study was supported by the grant of the Russian Science Foundation
No. 23-72-01099, https://rscf.ru/project/23-72-01099/.

1. P.A. Ryabochkina, S.A. Khrushchalina, V.M. Kyashkin et al. JETP
Lett. 103, 743-761 (2016).

2. P.A. Ryabochkina, S.A. Khrushchalina, A.N. Belyaev et al., Quant. El.
51, 1038-1043 (2021).
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ON POSSIBLE IMPLEMENTATION OF LiHoFs MICROPARTICLES
TO THE VISUALISATION OF EHF RADIATION INTENSITY

V.l. Kolesnikova, G.S. Shakurov?, O.A. Morozov!?, S.L. Korableva?,
V.V. Semashko!?
!Kazan (Volga region) Federal University, Kazan, Russia
2E.K. Zavoisky Kazan Institute of Physics and Technology,
FRC KazSC RAS, Kazan
E-mail: kazlerka@gmail.com

In biophysics and biomedicine, there is a fundamental problem of
explaining the mechanisms of the therapeutic effects of low-intensity extremely
high frequencies electromagnetic radiation (EHF) up to 300 GHz [1]. It has been
clinically established that exposure to EHF radiation is accompanied by a
proliferative effect and promotes wound healing and restoration of cellular
structures after inflammation. However, the nature and connection of
biophysical processes with the energy characteristics of EHF radiation have not
yet been clearly established, in particular due to the problems of spatial
metrology of electromagnetic radiation in this range.

The report shows that at the same time microparticles (m/p) of LiHoF, are
a material that effectively absorbs EHF radiation and a thermosensitive
phosphor. The combination of these properties seems promising for visualizing
the spatial distribution and measurements of EHF radiation intensity.

The LiHoF, m/p absorption spectra in the region of 200-600 GHz were
studied for the first time. The temperature dependences of the optical excitation
spectra, luminescence and luminescence kinetics of these particles have been
studied in the temperature range from 80 to 340 K. It has been established that
these particles can be successfully used for luminescent LIR thermometry. In
this case, the highest absolute temperature sensitivity is realized for the °Fs — °lg
transitions of Ho®* ions reaching values of ~0.35 K at a temperature of 80 K
and ~0.028 K at room temperatures. Estimates performed in [2] show that
changes in the color characteristics of their luminescence properties make it
possible to visualize the distribution of EHF radiation intensity in the working
area of industrially produced physiotherapeutic EHF devices. In addition,
LiHoF4 m/p can be used in oncological electromagnetic and photodynamic
therapy tasks.

The research was carried out within the framework of the state assignment
of the Federal Research Center “Kazan Scientific Center of the Russian
Academy of Sciences”.

1. V.V. Kir’yanova, et al, Russian Journal of Physiotherapy, Balneology
and Rehabilitation 15, 209-215 (2016).

2.V.V. Semashko, etal. The 30th Int.Conf. on Advanced Laser
Technologies (ALT’23), Samara, Russia, N-1-3, Sep.18-21 (2023).
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MODELING OF THE EVLC PROCESS AND DETERMINATION
OF THE TEMPERATURE CHARACTERISTICS OF A VEIN DURING
EXPOSED TO LASER RADIATION OF VARIOUS WAVELENGTHS

A.D. Taratynova, A.N. Belyaev, O.S. Bushukina, V.I. Davydkin,
S.A. Khrushchalina
National Research Ogarev Mordovia State University, Saransk
E-mail: taratynova@e-mordovia.ru

The endovenous laser coagulation (EVLC) method used to treat varicose
veins is minimally invasive and the most popular method of treating varicose
veins (used in 70% of cases of this disease). And despite the development of this
method, even today, after this procedure, a number of complications occur,
among which hematomas and paresthesia are the most common [1].

Most publications analyzing complications after EVLC indicate that the
number of postoperative complications depends on the characteristics of the
laser radiation used (wavelength, radiation power values) and the rate of
extraction of the optical fiber from the venous vessel [2].

To solve the problem of optimizing the EVLC procedure, it is necessary
to establish a relationship between the energy characteristics of laser radiation
and the diameter of the vessel. One of the ways to determine the optimal
parameters for conducting EVLC is computer modeling [3,4].

In this work, the method of computer modeling in COMSOL Multiphysics
software will be considered as a means of creating a process model, the
simulation results will be evaluated and their comparative analysis with the
results of in vivo experiments will be carried out.

1. J.Y. Park, et al., Dermatol Surg. 40(4), 383-389 (2014).

2. A.B. Massaki, et al., Lasers Surg Med. 45(2), 123-129 (2013).

3. S. Mordon, et al., BioMedical Engineering OnLine 5, N. 26 (2006).
4. A.A. Poluektova, et al., Lasers Med Sci. 29(2):441-452 (2014).
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ITIYBOKHME AKHEIITOPHBIE IIPUMECHU B GaAs

H.C. Asepkues, A.A. I'yTkun
OTU um. A.D. Hoghghe, Canxkm-Ilemepbype
E-mail: averkiev@les.ioffe.ru

[Ipumecu B KpucTaiaX MPEACTaBIAIOT CO00M OOBEKT, KOTOPBIN J1enaeT
KKl 00pa3el] yHUKaIbHbIM. Eciii KpUCTalll COBEpPILEHEH, TO €ro CBOMCTBA
yHUDUIIMPOBAHBI, a JIETUPOBAHUE PA3JIMYHBIMM aTOMaMHU OTJIMYAET OJUH
oOpazer; oT JAPYroro u MpUIAET KpUCTAJJIaM pas3JIMuHble CBOMCTBAa. Tak 4To
M3yYeHUE TpUMeceld B TBEPJOM Telie, U B IMOJYNPOBOJHUKAX, B YAaCTHOCTHU
npeacTaBisier cobol  (yHIAMEHTAIbHYI0 (U3HYECKYI0 3aJady, pEIICHHUIO
KOTOPOW TPAIUIIMOHHO YACISIETCS BHUMAHHE BO MHOTHMX HAYYHBIX IIEHTpaX.
DHepreTuyecKre ypoBHHU, KOTOPbIC BOZHUKAIOT B 3alpEIeHHON 30HE KpUCTaljia
C TPUMECSMH, MOXXHO pa3leiuTh Ha MeJkue U riaybokue. K mepBeiM OTHOCST
BOJOPOJONOI00HBIE IIEHTPHI, pa3Mep BOJTHOBON (PYHKIIMH KOTOPHIX HAMHOTO
MPEBOCXOJIUT pa3Mephbl AJIEMEHTAPHON sSUYeWKH, W HUX CBOWMCTBA IMOATOMY B
3HAYMTEIILHOM CTENCHHU OMPEACISIIOTCS UMEHHO KpUCTAIIoM. LleHTpsI, garomue
YPOBHH C OOJBIICH SHEPruei CBS3HM, UMEIOT XapaKTePHBIM pa3Mep BOJHOBOMU
(GYHKIMM JTOKaTU30BaHHBIX HA HUX HOCHUTENICH MOps/IKa OJHOTO HaHOMeTpa. B
ATOW CHUTyallMM CTAHOBHUTCS C OJHOM CTOPOHBI CYIIECTBEHHBIM BHYTPEHHUE
B3aUMOJICHCTBHS ATUX HOCHUTENEH 3apsjna JApyr C JAPYroM M C DJIEKTPOHAMU
BHYTPEHHUX 000JIOYEK MPUMECH, JIOKATbHBIMHU KOJIEOAHUS U T.J., & C IPYTroil —
CYIIECTBEHHYIO POJIb UTPAET U UCXOJHBIM KpucTal. B noknane npeacraBiieHbl
pEe3yabTaThl AETAIBHOTO HCCIEIOBAaHMS 3JIEKTPOHHOTO M MPOCTPAHCTBEHHOTO
CTpPOEHUSI TpEX THUIOB TIIYOOKMX aKIENTOPHBIX IIEHTPOB B apCEHUE TaJLIuUs:
napamarHutHas npuMmech MnGa, 1Byx3apsiHbI€ aKIENTOPbI, BO3HUKAIOLINE MIPU
BBEJICHUM B KPHUCTAJUI 3JEMEHTOB M3 | TpyMIbl MepUOAMYECKON TaOIHIBI C
3amoJIHCHHOW d-000JI0YKOM, CIIOKHBIN KOMILJIEKC COJEpKaIluii aTOM TeJypa,
3aMelIaomni aToM MBIIIbSIKa TeAs u BakaHcHIo Ha MecTe Tayutnst VGa.

VYCTaHOBIIEHO, UTO B KaXJOM H3 3TUX LEHTPOB HMMEETCS BHYTpPEHHEE
B3aMOJICHCTBUE, KOTOPOE€ U ONpPEAEHIeT HX CBOMCTBA M  CO3JaHbI
HETpUBHAJIbHBIE Mojaenn ueHTpoB. Jug MnGa onpegensroliuMm — €ro
0COOEHHOCTH SIBIIIETCS OOMEHHOE B3aMMOJICUCTBHE JIOKATM30BAHHOM JIBIPKU CO
cnuHoM 3d5 3JeKTpoHOB BHYTpeHHeW oOonouku Maprania, st CuGa, AgGa,
AuGa »TO B3amMoOIEWCTBHE C JOKAIbHBIMH KoneOanusmu (3pdekr Sna-
Temnepa), nns VGaTeAs 310 sdbdexr SAna-Temnmepa u B3ammojencTBHE
KOMITOHEHT KoMiuiekca. OCHOBHBIE pe3yIbTaThl UCCIEIOBAHUN OIMyOINKOBAHBI
BO MHOTHUX paboTax W B TpexX 0030pax, B KOTOPHIX OOOOIIEHBI pPe3yIbTaThl
HCCJIEIOBAaHUI aBTOPOB.

BBenenue mapamMarHuTHOrO MOHa Mn B apceHUW] TalUuidsg NPUBOAUT K
MOSIBICHUIO OTHOCUTEIBHO TJIYOOKOTO aKIIENTOPHOTO YPOBHS B 3alpEelICeHHOU
30He ¢ 3Heprueit cBsazu 110 m3B. C 3TuM ypoBHEM CBSI3aHO BO3HHUKHOBEHUU
MOJIOCKI  (DOTOFOMHUHECIICHITNN, KOTOpasi Oblla HCCIEIOBaHA METOJAMH
MbE30CHEKTPOCKONUU U MATHUTOONTUKU. OCHOBHBIMU OTIUYUEM OT MOBEACHUS
MEJIKOTO akuentopa ObUT OOpaTHBIM 3HAK CTENEHH KPYroBOW MOJISIpU3alU
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W3JIyYEHUsl TIpU peKOMOMHAIMK (POTOBO3OYKICHHOTO SJEKTPOHA C JABIPKOM,
JIOKAJIM30BaHHOM Ha Mn IO OTHOLIEHUIO K IIepeX0ojaM Ha MEJIKHUU aKLENTop U
MEHbIIAs BEJIIMYMHA IIPEICIbHOW CTENECHU JIMHEWHOM MOJISIpU3alluUd  IIpU
OJIHOOCHOM JIaBJICHUM M KPYTOBOM TMOJIApU3AlMd B MAarHUTHOM II0JI€ B
reometpun Dapazges. ITH OTIUYUS U PE3YJIbTAThl IPYTHMX MHOTOYUCICHHBIX
AKCTIEPUMEHTOB, BKitovaromux OIIP, moriomieHue yibTpa3Byka, MarHUTHYIO
BOCHIpUUMYHMBOCTh GaAs:Mn Haluu 00bsICHEHHWE B MOJENH Ipeanoiarammen
CHWJIbHOE OOMEHHO€ B3aUMOJIEHCTBUE JIBIPKM C TMOJHBIM MOMEHTOM 3/2 co
cnuHOM 1siTH 3d5 37eKTpOHOB, paBHBIM 5/2. OCHOBHBIM COCTOSIHUEM OKa3aJloCh
aHTU(EPPOMArHUTHOE COCTOSIHUE C MOJHBIM MOMEHTOM 1. PaGoTel aBTOpOB
OTHOCSITCSI K CBOMCTBaM OJIMHOYHOTO IIeHTpa Mn (ypoBHHU JierupoBanust 10 1018
CM-3), HO OHU MO3BOJIMJIN CO3J]aTh MOJIEIb MarHUTHOTO ynopsiaoueHus B GaAs,
JIETUPOBAHHOTO MAPTaHIIEM JI0 YPOBHS HECKOJbKUX aTOMHBIX MPOIEHTOB.
[Tockonbky arombr Cu, Ag, Au 3amemarT arom Ga (III rpymnma
NEePUONYECKON TaOJMIBl), B HEUTPAJIBHOM COCTOSSHMM Ha JTOM MpUMeEcH
JIOKaNM30BaHa JB€ JbIpkU. Pa3mep BOJHOBOW (QYHKIMH HOCUTENEeH 3apsaa
COCTaBIIIET MOPSKAa HECKOJBbKUX A, TaK YTO 3aMENIAIoONIUA aTOM +YeThIpe
Omkalimmx atoMa As MOXKHO paccMaTpUBaTh Kak TETPadAPUUECKUN KOMIUIEKC,
OTHOCHUTEJBHO CJIa00 CBSI3aHHBIA C OCTaNbHBIM KpucTauioM. [Ibe3ocmnexTpo-
CKOIMYECKUE WCCICIOBAHUS, BBIMOJHEHHBIC aBTOpaMHM, IMOKa3ajid, YTO TaKHe
KOMIUIEKChI ~ MOJABEPKEHbl cuibHOMY dddexty Sna-Temnepa 3a cuer
B3aUMOJECHCTBHS CBSI3aHHBIX [JBIPOK C HEMNOJIHOCUMMETPUYHBIMU €-KOJie-
OaHMSAMHU TETPadAPUUECKOr0 KOMIUIekca. B pesynprate B HEHTpalbHOM
COCTOSIHUM KOMIUIEKChl MCKa)K€Hbl BIOJb HampasieHuil [100], u umeercs tpu
SKBHUBAJICHTHbIE KOH(uUrypamuu. [IpumedaTenbHO, YTO NpPU HU3KHUX TEMIIe-
patypax HaOJOJaeTcss mepeopueHTarus Takux AedektoB. I[IpennoskenHas
MOJIENIb 3TUX IIEHTPOB TMO3BOJIUIU OOBSICHUTH HKCIIEPUMEHTAIBHO HabIr0aa-
IOIMECs SBJICHUS, CBSI3aHHBIE C OCOOCHHOCTSMH HMX MPOCTPAHCTBEHHOTO U
ANEKTPOHHOTO CTPOCHHS, MHOTHE M3 KOTOPHIX OOHapyXeHbI BIEpBble (aHH-
3oTpornHOe mnojasieHue 3 dekra Ana-Temnepa BHemHeH neopmanmeii, BbI3bI-
Batomee B ciydae CuGa ckaukooOpa3HOE YMEHBIIEHHWE HIUPUHBI U JHEpre-
TUYECKOTO TMOJIOKEHUS MOJIOCHl U3ITyYEHHUSI U €r0 CUIbHYIO MOJSPU3ALUIO MPU
nedopmanuu BIodb ocu [111], pekoMOMHAIIMOHHO-CTUMYJIMPOBAHHAS TIEPEOPH-
€HTalUs, «Pa3MATYEeHUE» KPHUCTAIIA, T. €. YMEHBIIEHHUE €ro YNpPyrux MocTo-
SHHBIX IPU BBICOKOM KOHLEHTPALMK LIEHTPOB) U CBSI3aTh M3MEHEHUE CBOMCTB
npu nepexojie oT Cu k Ag u Au ¢ yBennuenueM s¢dexra Sdna-Temnepa.
BBenenune mnpumeceil B MOJYOPOBOJHUK MOXET MIPUBOAUTH K BO3-
HUKHOBEHHUIO KOMILUIEKCOB, COAEpPKAIlMX MOH NMPUMECH W BakaHcuio. VIMEHHO
Takasi CUTyallUsl peaqu3yeTcs MpH JIETUPOBAHUM apCEHUJa TaJUIusl TEITypOM,
korga Te 3aHuMaetr MecTto As U SBJISIETCS JOHOPOM U PSIAOM UMEETCSl BaKaHCUSs
Ha Mecte Ga. B 3aBUCHMOCTH OT 3apsiIOBOTrO COCTOSAHMS KoMIiuwieKkCc B GaAs
MOXKET CBSI3bIBATH OJIHY WJIM JIBE JBIPKH. Takol nedeKT MPUBOAUT K YPOBHIO B
3ampenieHHoW 30He, C KOTOPBIMHU CBS3aHAa IMOJ0ca (POTOTFOMUHECIEHIINNA TPU
HU3KHUX TeMmIlepaTypax. ABTOPaMU BBIIIOJTHEHBI 3KCIEPUMEHTHl O MOJspU3a-

210



LMOHHOW- M Mb30-CIEKTPOCKONUH, MMO3BOJUBIINE YCTAaHOBUTH, YTO KOMILIEKC
noasepxkeH 3ddexry Ana-Temnepa, nmpuyeM BEIMYMHBI TPOCTPAHCTBEHHBIX
WCKKEHUU pa3iavuvHbl B MOTJIOIIAIOIIEM M HM3JIy4aroluleM COCTOsSHUAX. Benen-
CTBHUE ATOr0 3P(HEKTUBHBIE AUMOIN O-PA3HOMY OPHUEHTHPOBAHBI OTHOCUTEIBHO
Kkpuctamiorpadguueckux oceil. Ilokazano, 4ro cBoiicTBa AedeKkTa 0ObICHIIOTCA
B MOJIEJIM U3JIYYaIOILIEro COCTOSIHUS KOMILIEKCa, oJlaratonieil CUibHbINA 3 PexT
SHa-Teiepa, BBI3BaHHBIM B3aUMOJCHUCTBUE CBA3aHHBIX JBIPOK C €-KOJle-
0aHUSIMM MCXOJHO TPUTOHAIBHOTO aedekTa. B mormomaromnemM cBeT COCTOSTHUU
3TO B3aMMOJEHCTBUE CTAHOBUTCS cllabee M3-3a YMEHBIIECHUS B ’TOM COCTOSHUU
quclia JIbIPOK, B3aUMOJACHCTBYIOIIMX C e-KosneOaHusamu. CreAcTBHEM 3TOTO
ABJIIETCS CWIbHOE YMEHbLIEHUE Oapbepa MEX]y HSKBUBAJICHTHBIMU KOH(U-
rypanusiMd KOMIUIEKCa, B pe3yJbTaTe 4Yero B ATOM COCTOSHMM CTAHOBUTCS
BO3MOXXHOW TEpPEOpUEHTALMS SH-TEJUIEPOBCKUX JUCTOPCUM, TOrJa Kak B
U3JTy4alolleM COCTOSIHUU B OTiinuKe OT HeHTpoB Cu, Ag 1 Au OHa HEBO3MOJKHA.
OT0 TOpPUBOIUT K HEOOBIYHOMY COXPAHEHHIO BBICOKOW MOJISpHU3aALMY,
HABEJICHHOW pPE30HAHCHBIM MOJSPU30BAHHBIM BO30YXKIEHUEM, BIUIOTH J10O
BBICOKMX TEMIEPATyp MPU BO3MOKHOCTH BBICTpPAMBAaHUA ITUCTOPCUM IIEHTpa
Jake MPY HU3KUX TeMIlepaTypax B CIy4yae OJJHOOCHOTO JaBJICHUSI.

1. A.A. I'yrkun, H.C. ABepkues, ®TII, .51, 10, c. 1299 — 1324 (2017).
2. H.C. ABepkues, A.A.I'ytkun, ®TT, 1.60, 12, ¢. 2275 - 2305 (2018).
3. A.A. I'yrkun, H.C.ABepkues, ®TII, 1.56, 11, c. 1021 — 1045 (2022).
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INOBEPXHOCTHAS ITPOBOAVMOCTD 1 KBAHTOBBIE OCHAJUIALINA
B TOIIOJIOT'MYECKUX M30JIATOPAX U ITOJIYMETAJIJIAX

B.B. I'nymkosn
Hncmumym ooweti pusuxu um. A.M. Ilpoxoposa PAH, Mockesa
E-mail: glushkov@lt.gpi.ru

Pa3Butre TOMOJOTMYECKOrO MOJIXO0Ja K aHaIM3y KBaHTOBOro 3¢dexra
Xomia B AByMepHOM (2D) anextpoHHOM rase [1] nmpuBesio K OTKPHITHIO HOBOTO
KJIacca TOJIYIIPOBOJIHMKOB — TOMOJIOTHYECKHX u30ysiTopoB (TU), B KOTOpBIX
MOBEPXHOCTHBIC  DJIEKTPOHHBIE COCTOSIHUS — XapaKTEePU3YIOTCS  JTUHEHHBIM
3aKOHOM JUCHEepCUu (IUPAKOBCKUM crekTpoMm) [2]. B atux coeamHeHUsIX
MHBEPCHOE PpACIOJIOKEHUE 30H C PA3IU4YHONM CHUMMETpueH, (popMUpPYIOIUX
sHepreTuyeckyro 1menb [2—4], B TpexmepHom (3D) ciayuyae OpUBOIUT K
BO3HMKHOBEHHUIO TIOBEPXHOCTHBIX COCTOSIHUM Ha TpaHuie wmexay TU u
OOBIYHBIM JUAJICKTPUKOM HJIM BaKyyMOM. [[J1s1 TaKuX DJIEKTPOHHBIX COCTOSITHUU
COMH W HUMIIYJbC OKa3bIBAIOTCS KECTKO CBSA3aHbl, YTO OOECleYyMBaeT
0e3IMCCUTIaTUBHBIN TOK 3a CYET MOJABIICHMS PAcCEesTHUS HOCUTENEH 3apsija Ha
HEMarHuTHeIX Jedekrax noBepxHocTH TU. Habop sk3oTHUecKuX (PU3HUECKUX
cBoiictB TU nmomonusitor Tomosiornueckue nonxymeramisl (TII), B yacTHOCTH,
IUpakoBckue W BelseBckue [IM, B KOTOpBIX COOTBETCTBYIOIIME HU3KO-
SHEpreTudecKkrue (HEpMHOHHBIC BO3OYKIEHHUS SIBISIOTCS MPSIMBIMU aHAJIOTaMH
AJIEMEHTAPHBIX YacTHI[ B KBaHTOBOM Teopuu mnois [5]. Unentuduxamus
MEXaHMU3MOB MEPEHOCA 3aps/ia U CIIMHA B 3TUX HOBBIX KBAHTOBBIX COCTOSIHUSAX
[2-5] xpaiiHe akTyajgpHa Kak JJs pa3pabOTKU TEOPETHUECKOro arrapara,
ONMMCHIBAIOIIETO 3JEKTPOHHBIA TPAHCIOPT B MOJYINPOBOJHUKAX, TaK W s
JanbHEeUIero pa3BUTHs (GU3UKK KOHAECHCUPOBAHHOTO COCTOSIHUS BEIIECTRA.

[Tomumo HecoMHEHHOro (yHIAMEHTAIBHOTO UWHTEpeca, U3yUYCHHE
anekTpoHHOrO Tpancnopra B TU u TII kpaliHe BaXHO JISI UX MPAKTUYECKOTO
npuMeHeHus. Hapynienue BpeMeHHON MHBApUAHTHOCTU B MIOBEPXHOCTHOM CJIOE
3D TH, BBI3BAaHHOE BHELIHUM MAarHUTHBIM I0JIEM, MAarHUTHBIMHU IMPUMECSIMU,
HAIlbUICHUEM Ha MOBEPXHOCTh MArHUTHOTO MaTepualia u Jp., IPUBOJUT K POCTY
MarHuTodJIeKTpudeckoro sddekra [6] u ycuiaeHHo onTudeckux 3¢hQexToB
Qapanes u Keppa, BaxHBIX 7 CO3MaHHMS MAarHUTOONTHYECKHX Tpeodpa-
3oBareneit [7]. C npyroit croponsl, T Ha ocHOBe cypbMBbI U BUcMYyTa (BixSbix
[8], Bi.Ses, BixTes, SbyTes [9], BixTesSe [10] u np.) TpagUIIMOHHO H3BECTHBI
KaK MaTepHuayibl JUIsl TePMOAJIEKTpUUYECKHX TpeodpazoBateneid [11]. B cmydae
TOTIOJIOTUYECKUX TOTyMETaUINUecKnX (a3 HETPUBUAIbHBIC TOBEPXHOCTHHIC
COCTOSIHUSL (B YacTHOCTU, AYyru DepMu B JUPAKOBCKUX M BEIIEBCKUX MOJY-
MeTaJljlax) ONpeNeNsAIOT YHUKAIbHBIE AIEKTPOHHbIE U onTH4eckue cBorictBa TII
(Hampumep,  OTpUIIATEILHOE  MArHUTOCONPOTUBJIICHUE, HWHIYLUUPOBAHHOE
KUpaJibHOW aHoMainuei [12]).

B noxmanme mpencrtaBieH KpaTkuii 0030p MpoOJIeMBI MOBEPXHOCTHOTO
anekTpoHHOro TpaHcnopta B THU u TII ¢ akiieHTOM Ha 3K30THYECKUE CBOMCTBA
HOBBIX MpEACTAaBUTENICH Kilacca TOMOJOTMYECKUX MaTepHaloB — IeKcabopHaI0B
camapusi SmBg, urrepoust YbBs u eBponus EuBs [13-16]. B ciayyae SmBs u
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YbBe mokazano BausHUE CHiCIMAIbEHON 00paOOTKU MOBEPXHOCTH Ha MapaMeTphI
JJIEKTPOHHOTO TpaHCIOpTa B KoppenupoBaHHbIX THM 1 1noBepxHOCTEH,
OTBEYAIOIIUX PA3IMYHBIM KpUCTALIOTpaduyeckuM ImIockocTsM. [ns SmBe
BIIEPBBIC BBISIBJICHA 3aBUCUMOCTHh 3((PEKTUBHBIX MApaMETPOB MOBEPXHOCTHBIX
HOCHUTeJEeH 3apsia OT MOP(MOJIOTUM UCCIIeyeMON TTOBEPXHOCTH, ONpeeasieMon
KaK €e OpHeHTallMel, Tak U crocoOoM ee 00paboTku. B yacTHOCTH, TpaBieHUE
MOJIMPOBAaHHBIX NONSIpHbIX TrpaHed SmBs (100) uHMLMHpPYET YMEHbIIECHHE
KOHIICHTPAIIMHU U POCT MOJBUKHOCTH TTOBEPXHOCTHBIX HOCUTENEH 3apsiia N-Tura
npu 1,9 K 1o 3Hauennii 0,76/a (a = 4,134 A) u 18 cm?/(Bc), cCOOTBETCTBEHHO, B
TO BpeMsI KaK Mociie TpaBiieHusl HenoysipHbIX moBepxHocTed (110) u (111) SmBe
KOHIICHTPAIIMM TMOBEPXHOCTHBIX HOCHUTENCH 3apsjia MPEBBIMIAIOT MPEIeIbHOE
3Ha4YCHHUE, PAaCCUYMTAaHHOE U3 pa3Mepa MOBEPXHOCTHOM 30HBI bpuitosHa, B 2,3 u
3,9 pa3a, COOTBETCTBEHHO. YKa3aHHBIA NMapamMeTp MPeasIoKeHO UCIO0JIb30BaTh B
KaueCTBE MPOCTOr0 IKCIMEPUMEHTAIBHOTO KPUTEPHUS TOMOJOTHYECKOU MPUPOJIBI
NOBEPXHOCTHOTO 3JIEKTPOHHOro Tpancnopra B TU [14].

B cayyae YbBg Bkiaa MoBEepXHOCTHOM MPOBOAMMOCTH HAOJIOIAETCs BO
BCEM HCCIICIyEMOM JHaINa3oHe TEeMIIepaTyp U TMPAKTHUYECKH HE 3aBHCUT OT
MOP(OJIOTHUH U CITOc00a TTOATOTOBKH MTOBEPXHOCTH (IMTOJTUPOBKH U XUMHUECKOTO
TpaBieHus). M3 ananusa JaHHBIX XOJJIOBCKOro corpotuBienus npu T>10 K
MOJIYYEHBbI OILICHKH TOABM)KHOCTU TOBEPXHOCTHBIX HOCHUTEJEH 3apsjaa N-Tura
(~1000 cm?/(Bc)) u ux xonuenrpauuu (2,6+0,85)/a? (mapamerp pemerku YbBg
a = 4,179 A). Ilpu T<10 K BnepBble MAeHTHHUIMPOBAH BKJIAJ HOCHTENEH
3apsa P-TUMa C aHOMAaJIbHO BBICOKMMH JJIS JIAHHOTO KJlacca COEAMHEHH
XOJUIOBCKMMHU TOABWKHOCTSIMM, Aocturaronumu npu 1,8 K 3HadyeHuit ~4.10%
cm?/(Be).

Oco0eHHOCTH KBAHTOBBIX OCHMJUISIMN pPacCMOTpPEHBI Ha mpumepe dep-
poMmarHutHoro mnomymeramia EuBe ¢ addexTtom komoccaabHOro MarHMTOCO-
NPOTUBIIEHUS, JUIsI KOTOPOTO Tpe/icKa3aHa peanu3alus nepexoa K COCTOSHUIO
BEMJIEBCKOTO MOJIyMETajlyla B MAarHUTHOM T10JI€ BJIOJIb HarpasieHus <111> [18].
ITokazano, yto kBaHTOBBIC ocimuisiuu [1lyorukoBa — ae ["aaza mposBIisirOTCS
Ha TOJEBBIX 3aBUCUMOCTSX YAEIbHOTO COMPOTHBICHUS B MarHUTHOM IIOJIE
Beiie 2,5 T npu temneparypax Hmxke 10 K. st marautHoro mons B||<100>
M3 4acToThl ocumuisinuid 29,4 Tn oueHeHbl MIOHIAAb CEYEHUS MOBEPXHOCTH
®epmu S~ 2,78-10" cM? u Benmumna BonHOBOro BekTopa ki~ 2,97-10° cm™.
OTBEYAIOLINE KOHLEHTPALUH >IeKTpoHOB No~ 1,33-10'® cm® B mpubmmxenun
M30TPONHON MOBEpXHOCTH DepMU C YyUETOM TPEXKPATHOTO BBIPOXKICHUS 30HBI
MPOBOAMMOCTH B Toukax X 30HbI bpuimtosHa. OueHKr napamMeTpoB HOCHUTEIEH
3apsga — 3ddexTuBHOH Macchl Mess = 0,19mp (Mo — macca anmekTpoHa), Moj-
BIkHOCTH 4~ 1700 cM?/(Bc) 1 Bpemenu penakcanuu T~ 0,2 1IC — IO3BOJISAIOT
COMNOCTAaBUTh HMX C MOJI30HOW 3JIEKTPOHOB CO CHMHAMHU, MOJSIPU30BAHHBIMU
MPOTUBOMOJIOKHO HAMpPaBICHUIO MAarHUTHOrO moist (Ny =nNp), a 3HAYECHUS
XOJUIOBCKOM KOHIIEHTpaluu Ny ~ 3,57-10'° cM® parorT oneHKH KOHI[CHTpalNu
3JIEKTPOHOB C TOJISAPU3OBAHHBIM IO MO0 CIIMHOM Nt = Ny — N| = 3,44-10%° cm3
U dHepruum obOmeHHOTOo B3ammojeicTBus J~ 70 MaB. Ilpu sToM cremeHb
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cnuHOBOM mosapuzanuu P = (Nt — ni)/ny =92 % HemocTaTouHa s peann3aliiu
MOJTHOCTRIO  crimH-noJisipu3oBanHoro (half-metallic) cocrosaus B deppomar-
HUTHOU (aze EUBes. B 3axntountensHOll yacTu JoKnana oO0CyKIaeTcsi BO3MOX-
Has CBSI3b aHOMAJIMK MapaMeTPOB KBAHTOBBIX OCHMJUIALMMA, OOHAPYKEHHBIX s
HaIlpaBJIeHWs] MarHUTHOTO 1oyt <111>, ¢ mpeackaspiBaeMbIM B [ 18] mepexomom
K COCTOSIHUIO BEMJIEBCKOI'O MOJTyMETalIa.

PaGota BeinonHena B pamkax rpanta PH® 22-22-00990.
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OODEKTUBHASA TEPMAJIM3ALMA U KPUTUYECKOE 3AMEJIEHUE
B IBYX®OTOHHbLIX INCCUITATUBHbBIX KBAHTOBbLIX CUCTEMAX

B.IO. Mpuibaukos?, C.O. Iorammun!, M.C. Yixrapu?, U.A. [loyunr?,
I".C. Coxonosckuii’, H.C. ABepkues!
‘DT um. A.®. Hogpge, Cankm-Ilemepbype
2DKkcemepckutl ynusepcumem, Dxcemep, Benuxobpumanus
E-mail: vm@mail.ioffe.ru

B nocnennue roasl auccunatuBHble (azoBble nepexoanl (JDII)
BBI3BIBAIOT OO0JBINON uHTEpec B KBaHTOBOM ontuke [1]. Takue da3zoBbie
NEepexo/ibl XapaKTEePU3yIOTCsS PEe3KUM HU3MEHEHHEM (PU3MYecKUX HalIrogaeMBbIX
OpU BApbUPOBAHUM MApPAMETPOB CHUCTEMBI, HAIPUMEp, PA3ITUYHBIX KOHCTAHT
CBA3M WIM TEMIIA HAaKa4yKW W auccunauuu. [IpuumHON pacTyiiero mHTepeca K
JOII sBnsieTcst ObICTpOE pa3BUTHE HOBOW 00JACTH HCCIIEIOBaHUM, CBA3aHHOU
CPE30HATOPHOM KBAaHTOBOM JJIEKTPOJAMHAMMUKOW, B pPaMKaxX KOTOPOU MOKHO
co3aBaTh OOJIBIIOE Pa3HOOOpA3UE YMPABISIEMBIX HEPABHOBECHBIX KBAHTOBBIX
cucteM. B HacTosmeM MCCIEN0OBaHUM pacCMaTPUBAETCA MHUKPOBOJIHOBBIM
pe3oHaTop ¢ JBYX(OTOHHOW HaKauykol U JABYX(OTOHHOW JTUCCUIAIIMEH Kak
OIMH W3 SIPKUX NPUMEPO B HEPABHOBECHBIX KBAaHTOBBIX cucteM (Puc. la).
JlaHHast cucTeMa SKCICPUMEHTAJIbHO peanu3oBaHa [3-4], WMOXeT ObITh
UCITOJIb30BAaHA ISl YHUBEPCAJIbHBIX KBAHTOBBIX BBIYMCIEHUWU [2] B KayecTBe
($OoTOHHOTO KyOHTaHa KBAaHTOBBIX cOCTOsIHUSX KoTa [lIpénunrepa.

a) b) <a*a>
1 | 20
g M mall 15
s [
h mww 5
0

0 10 20 30
Normalized detuning, A/m

Puc. 1. (2) DxcriepuMeHTaIbHAs CXeMa MHKPOBOJIHOBOTO PE30HATOPA C IBYX(POTOHHOM
HAKaYKOU CO CKOPOCTBIO §, OAHO(POTOHHOM HAKAYKOU CO CKOPOCThIO h U 1BYXPOTOHHOI
JMCCUMALIEH cO CKOPOCTBIO 7. 3aBUCUMOCTB CpeIHero ducia GoToHos <a‘a> ot
HOPMUPOBAHHOT'O YaCTOTHOTO paccoriacoBanus A/m. HopMupoBaHHas CKOpOCTb
IBYX(OTOHHOI HaKa4yKH U CKOPOCTh ABYX(OTOHHOMU Auiccunanuu obutpaBHel g/m=20 u n=1,
cooTBeTcTBeHHO. KBa3zukinaccuueckoe npuOIMKeHHe COOTBETCTBYETCUHENW MyHKTUPHOI
JVHHUH, 8 YUCICHHBINA pacyeT JaeTcst KpaCHOW TMHUEH.

Jna onucanus [IPI] B KBaHTOBBIX HEPABHOBECHBIX CHCTEMAax 3a4acTYIO
UCIIOJIB3YETCSl TMOTYKIACCUYECKOoe MpUOIMKEHHe, MpeHedperaronee KBaHTO-
BbIMU (aykTyauusimu. OJHAKO, BBIXOJ 32 PaMKU MOJYKIACCHUYECKON TEeOpUHU
SABJISIETCS KpailHe CIIOXKHOM 3ajaueid, JUIsi pelIeHUsT KOTOpOW HeoOXOIUMO
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OJIHOBPEMEHHO y4YMTHIBATh KBAHTOBBIE U JHCCUIIATUBHBIE OCOOCHHOCTH
HepaBHOBECHO cuctemMbl. [IpobiiemMa onucanusi KBAaHTOBBIX (IYKTyaluii MOXKET
OBbITh CWJIBHO YHPOIIEHa, €ClM JO0Ka3aHa CIpaBeAJIMBOCTh Teopuu Jlannay,
KOTOpasi IIMPOKO HCIOJNB3YEeTCSl B CTATUCTHUYECKOW (U3UKE I ONUCAHUs
TepMOAMHAMUYECKUX (ha30BBIX MEPEXOJI0B.

B nanHo#l paboTe ObUIO MOKAa3aHO, YTOB 00JIaCTU BOJM3U KPUTUUYECKOU
Toukn HepaBHOBecHbId JIDIT (Puc. 1b) B MHKPOBOJIHOBOM pe30HATOpE C
nBYX(OTOHHOW HakaykoW W JBYX(OTOHHOW AUCCUTIALIMEN MOMXHO CBECTH K
3alay€ O HEJIMHEHMHOM KIJIACCUYECKOM OCHMIUISTOPE C IIyMOM. OTO (akT
MO3BOJIMJI HAMOMHCATh KPUTHYECKYIO 00JIacTh BOJM3U TOYKH (Ha30BOTO
nepexoja, e CTAHOBUTCS HENPUMEHMMA IONYKJIACCUYECKAs] TEOpHs H3-3a
HAJIUYMUS CUJIBHBIX KBAHTOBBIX (QuykTyanuid. YToObl BBIATH 3a paMKu
NOJIYKJIACCUYECKOM TEOPUH, MBI UCIIOJIB30BaIM ypaBHeHne Pokkepa-Ilnanka Ha
yceueHHylo ¢yHkuuio Burnepa. [lannas mnpoueaypa SKBUBaJ€HTHa J00aB-
JICHUIO IIYMOBBIX CJIaraéMbIX B KBa3WKJIACCUUYECKHE YPABHEHUS JBUKCHUS
cucteMbl. [lonydeHHBIH TOAXOJ] MO3BOJSET YYECTh KBAaHTOBbIC (IYKTyallud U
omucarb J®II BOmM3M kputuyeckoil Touku. Hamum ObUTO TOKa3aHO, YTO
uccienyeMas HEpaBHOBECHAs KBAaHTOBAas CHCTEMa MOXET ObITh OINUCaHa
METOJaMHU CTaTHUCTUYEeCKOW (u3uku, Tak kKak (pyHkius Burnepa wmeer Bua
pacnpeneneHusi bonbiimMaHa ¢ 3(QekTuBHONW TeMmmepaTypoll U TEepMOJUHA-
MHUYECKUM TNOTEeHIHATIOM. Takum o0pa3oM, OJHUM M3 KIIIOYEBBIX PE3yJIbTaTOB
JAHHOTO HWCCJEeJOBaHMS SIBIIsieTCS OOOCHOBaHME Teopuu Jlawgmay ans
paccmarpuBaemoro JDII.

[lono6HO TepmoanHamMuueckoMy (a3oBoMy TMepexofny, (iayKTyaruu
YlClia YaCTHUI[ B HAIlIeW CUCTEME BO3pacTalOT BOJIU3U KpUTHUECKOM Touku [6]. B
pe3ynbTate MOSBISETCS KpUTHYeckas oOnacTh, rae teopus Jlanmay mepecraer
ObITh TNpuUMEeHUMON. YUT0OOB O000WTH IaHHYIO MPOOJIEMYy, MBI HCHOJb3Ye-
mroiyueHHoe ypaBHeHue Dokkepa-Ilnanka u paccuntsiBaeM GyHKIUIO pacipe-
NEJEHUsI B KPUTUYECKOW TOUKE. JTO MO3BOJIAET HAM OMPEAECIUTh CPEAHEE YUCIIO
(OTOHOB B 3aBUCHUMOCTH OT CKOPOCTHU JIBYX()OTOHHOW HAaKa4Ku U JUCCUTIAIIUU U
paccuuTaTh KpPUTHUYECKHE OJKCIIOHEHThL. Kpome Toro, ™Mbl uccieayem
KPUTHYECKOE 3aMEIJICHUE BPEMEHHON AMHAMUKUA JIUCCUIIATUBHOTO (Pa30BOTO
nepexoaa BOJM3M KPUTHYECKOW TOYKM KaK AaHATMTUYECKH, TaK M UYHCICHHO,
paccuuThiBasg CHEKTpajbHYIO Ienb omneparopa JluyBumis [7]. Mbl Takxe
M3YYWIA OTKIMK CUCTEMBI Ha C1a0yio 0THO(DOTOHHYIO HAKAYKy W OOHAPYKIIH
aHaJIOr KJjaccudeckoro 3akoHa Kropu B paccMarpuBaeMoll KBaHTOBOU
HEPAaBHOBECHOM CHCTEME.

JHannast pabGota BbIoNHeHA Tpu mojAepkke PH® (rpant Ne 21-72-

30020).
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KPEMHUMEBBIE INIEHOYHBIE MUKPO- 1 HAHOCTPYKTYPEI
C JUDJIEKTPUYECKNMU CJIOAMU N3 OKCUIA CKAHIUA

A M. T'ypesanos?, C.A. T'ypesnos?
LCamapcruii 2ocydapemeennviii mexnuueckuii ynusepcumem, Camapa
2Mockosckuti 20Cy0apCmeentblil MeXHUYeCKull YHUeepcument
um. H.O. baymana, Mockea
E-mail: gurjanovam@mail.ru

Okcupa ckaHauss MOKHO OTHECTHM K albTEPHATUBHBIM JUAJIEKTPUKAM,
JAMAJICKTPUKAM C BBICOKOM JMAJICKTPUYECKON mpoHunaemMocteio — high-k
dielectrics. B nanHO#l paboTe paccMaTPUBAINCH IUIJICKTPUYCCKHUE IJICHKH
okcuaa ckaHaus tommuHOoM 20-100 HM, HaHeceHHblIE HAa KpPEMHHEBBIC
noUIOKKHA. ONpenensiucy CBOMCTBA KaK CaMHUX JUANEKTPUUYECKHX IUIEHOK
OKcHJa CKaHaus, Tak U cBorictBa M/III-CTpyKTyp ¢ AMDIIEKTPUUECKUMH CIOSIMU
U3 OKCUJA CKAHJMS.

MertogaMu OTpa)kaTeIbHOM AJIUMIICOMETPUN OMNPENEIAIUCh ONTHYECKUE
napaMeTpbl IUICHOK (TOJIIMHA, TMOKa3aTesb MPEIOMIICHHUS). YCTaHOBJICHHOU
MOJENBI OTPAXKAIOIIEH MOBEPXHOCTH CTPYKTYpPHI IJIEHKAa OKCUAA CKaHIUS —
KPEMHHEBAs MOJJIOKKA ABJISIETCA MOJENb OJHOPOJHOM MPO3payHOMl IJIEHKH Ha
NOTJIOMIAIOMIEN MOJIOKKE C ABYMS MEPEXOAHBIMHU CIOSAMH, OJJHUM U3 KOTOPBIX
ABJISIETCS TIOBEPXHOCTHBIN CIION ABYOKHCH KpeMHUA. B paMkax yCcTaHOBIIEHHOM
MOAENH MO0 M3MEPEHHBIM BJUIMICOMETPUYECKUM yTJIaM PacCUUTHIBAIUCH
ONTUYECKHUE MapaMeTpbl (MOKa3aTeslb MPEOMJIEHUS W TOJIIWHA) IUIEHOK, a
TAaK)K€ TapaMeTpbl NEPEXOJIHBIX CJIOEB Ha TPaHULE AUDIIEKTPUK-TIONY-
IPOBOJAHUK, KOTOPBIE UCIOJIB30BAIUCH MPHU OMPENETIECHUU DIEKTPOPUIUUECKUX
xapaktepuctuk MJIII-ctpykTyp. B paccMOTpeHHBIX CTpyKTypax IOKa3aTelb
IPEJOMJICHHUS] TUICHOK OKCHJIa CKaHIUs OKa3aJicad paBHbIM 1,94.

VY CcTaHOBIIEHO, YTO 3JIEKTPONPOBOJHOCTD UCCIEAYEMBIX TUIEKTPHUUECKUX
IJICHOK, OIpeJiessieMas 1o BoJIbTaMIEpHbIM Xapaktepuctukam MJIII-cTpykTyp,
onuceiBaeTca MexaHu3dMoMm Ilyma-@Openkens. M3 U3MEpEHHBIX BBICOKO-
YaCTOTHBIX BOJIBT-(PapagHbIX XapaKTEPUCTUK PACCUUTHIBAINCH yJeIbHas
€MKOCTh JMDJIEKTPUYECKOTO CJ0s, KOIPDUIIMEHT TEPEeKPBITUS IO EMKOCTH,
BEJIMYMHA YIPABIAIOLIECTO HAIpPSXKEHUs, MOBEPXHOCTHASI IUIOTHOCTH BCTPOCH-
HOTO 3apsifia B JUAJIEKTpUKe, S(OPEKTUBHAS TMJIOTHOCTh NPU MOTEHIIHAIIEC
WIOCKKUX 30H. [loka3aHo, YTO HaJIWYUE TEPEXOAHBIX CJIOEB Ha Mex(azHOil
IrPaHULIE JUAJIEKTPUK-TIOJYIIPOBOJHUK IPUBOJUT K YMEHBIICHUIO YIEIbHOU
eMkoct M/III-CTpyKTyp ¥ YBEIMYEHHUIO MOBEPXHOCTHOU IJIOTHOCTU BCTPOECH-
HOTO 3apsfa B JAMDJICKTPUKE U 3(PPEKTUBHONW IUIOTHOCTU TOBEPXHOCTHBIX
COCTOSIHUM. Mcnonb3ysl maHHBIE O MMapaMeTpax IUIEHOK M MEPEXOIHBIX CIIOEB Ha
TPaHULIE TUAJICKTPUK-TIONYIPOBOAHUK, ISl IUIIEKTPUUECKON MPOHULIAEMOCTH
IUICHOK OKcuAa CKaHaus B paccMmarpuBaembix M/III-cTpykTypax momydeHo
3Ha4YeHHe paBHoe 15.
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MEXJOJIMHHOE CMEIINBAHUE 1 SKCUTOHDI
B HAHOCTPYKTYPAX N3 XAJIbKOI'EHNI0OB CBUHLIA

W.J. Asnees!, M.O. Hecroknon?!, C.B. I'ynanos'-?
‘DT um. A.®@. Hogpgpe PAH, Canxm-Ilemepbype
2Jackson State University, Jackson, Mississippi, USA
E-mail: ivan.avdeev@mail.ioffe.ru

HanocTtpyktypsl u3 xanpkoreHuaoB cBuHua, PbX, X=S, Se, Te umeror
ITUPOKHE BO3MOXKHOCTH I TPUMCHCHHS B PA3IMUHBIX 00JACTSIX HAYKH H
TeXHUKW. Ha X OCHOBE MOTYT co3aaBaThCs A((HEKTHUBHBIC ONMTOIICKTPOHHBIC
npuOOphl, TaKWe KaK COJHECYHBIC TMaHeld, (OTOAMOABI W H3IIyYaTelu,
paboTaroniue B WH(]PpakpacHOU (TEIEKOMMYHHUKAIMOHHOM) 00JacTH CHEKTpa
[1]. Takke OHM UMEIOT MEPCIICKTUBLI MPUMCHECHHUS U B KBAHTOBBIX CHCTEMax,
BBICTYIIasi B Ka4eCTBE MCTOYHUKOB OJMHOYHBIX (POTOHOB [2] wiH MmiaThOopMbI
JUTSL peanu3anuu MaiopaHoBckux ¢hepMuoHoB [3]. He cMoTps Ha peBOCXOIHbIC
¢u3nyecKkrue CBOWCTBA, TEOPETUYECKOE OINMMCAaHWUE HAHOCTPYKTYp M3 XaJIbKO-
TCHHUJIOB CBHHIIA CYIIECTBEHHO OCIIOXKHSETCS WX CIOKHOW MHOTOIOJHHHOM
30HHOM CTPYKTYpPOHM, O3KCTPEMYMBI KOTOPOH pacHoJIOKCHBI B YETBIPEX
HEOKBHUBAJICHTHBIX L JOJIMHAX, COCTOSHHS M3 KOTOPBIX MOTYT CMEIIMBATHCS 3a
CYET pacCesHUs Ha MMOBEPXHOCTH HAHOCTPYKTYPHI.

Jlnst pemienus 3Toil mpoOsieMbl Haimed Tpynmnoi Obula ciaefaHa cepus
pabot [4-6], B KOTOpBIX ObLIa MOCTPOCHA aKKypaTHas OO0OOIIeHHas Teopws,
MO3BOJIAIONIAs Y4eCTh 3 (PEKTHl JOJTUHHOTO CMEIIUBAHUS B HAHOCTPYKTYpax M3
PbX. B ocHoBe Teopun JIEKUT KOMOMHAIIMS ATOMUCTHUYECKOTO METO/Ia CUIIHLHOU
CBSI3M, TEOPUM TPYIIN W PACHIUPEHHOM MJisi ydeTra KOMOWHAIUMN JTOJUHHBIX
cocrosinuii kp Mopenu. OcHOBHOE BHUMaHHME B JTHX paboTax YIelIeHo
KBaHTOBBIM ToukaM u3 PbS u PbSe, ognako pazpabotanHbie METOABI U MOAXOIbI
NPUMEHUMBI U K HAHOTIPOBOJIOKaM, U KBAaHTOBBIM siMam/HaHOTUIacTuHaM u3 PbX
U IPYTUX MHOTOJOJUHHBIX MOTYTPOBOJHUKOBBIX MaTEpUAJIOB.

B nmoxnane OyayT KpaTKO M3JI0KEHBI OCHOBHBIE METObI, TO3BOJISIOIIHNE
y4ecTh MEXJOJMHHOE CMEIIMBAHWE B TaMUJIbTOHHMAHE HAHOCTPYKTYPBHI U
YHUCIICHHO pAacCYuTaTh €ro mnapaMmeTpel. Takke OylneT NpoaHaIU3UpPOBAHO
BIUSTHUE MEXIOJUHHOTO CMEIIMBAaHUS W CBSA3aHHOTO C HHUM JIOJMHHOTO
paciieruieHuss Ha g-(GaKkTOpbl OCHOBHBIX YPOBHEHW JJIEKTPOHOB U JBIPOK U
TOHKYIO CTPYKTYPY OCHOBHOTO KHCTOHHOTO YPOBHsSI B KBAaHTOBBIX TOYKax W3
PbS u PbSe ¢ pazauuHO# GopMOii MOBEPXHOCTH U TOYCTHON CUMMETPHEH.

Pabora mogyneprxana rpantom PH® Ne23-12-00142.
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AHU3OTPOIIHBIE IIOBEPXHOCTHBIE ITOJIAPUTOHDI
B OIHOOCHBLIX CPEJAX

K.1O. I'oneanukuii
OTU um. A.D. Hoghghe PAH, Canxkm-Ilemepbype
E-mail: golenitski.k@mail.ioffe.ru

[TonaputoH  sgBIAETCA  pE3yJbTaTOM  B3aUMOJECHCTBUS  CBETa  C
BO30Y)XJIEHUSAMH B MaTepuaje, Hampumep ¢ (oHOHamu, C IJIa3MOHAMHU, C
sKcUTOHaMU. [IOBEpXHOCTHBIMU MOJSPUTOHAMH HA3BIBAIOT OCOOBIC PEIICHUS
ypaBHeHul MakcBemna B (opMe BOJHBI, PaCHpPOCTPAHSIOMIEHCS BIOJb
CBOOOJIHOW T'paHUIlbl KPUCTAJIa WIM BJAOJIb TPAHUIIBI MEXIY KPHUCTAJIOM U
JPYro# cpeliou, U JIOKAJIM30BAaHHOW Ha 3TOU rpaHulle. TakuMm oO6pa3oM dHEPrus
BO30YXKIEHUS COCPEOTOUEHA OKOJIO TPAHUIIBI HA PACCTOSHUSX MOPSJIKA €IUHUIL
JUIMH BOJIH U TIEPEHOCUTCS BJIOJb HEE HA PACCTOSIHUSI 3HAUUTENIBHO OOJIbIINE,
YeM JIJINHA BOJIHBI.

Haunbonee wu3ydeHHBI W 4YacTO MNPHUBOJAMMBIN B JIMTEpAType NPUMEP
MOBEPXHOCTHOTO TOJIIPUTOHA — TOBEPXHOCTHBIM TUIa3MOH(-TIoJIsIpuTOH) [1].
OH cymiecTByeT Ha TpaHULE MeTala C  M30TPOIHOM  OJHOPOJHOMU
IUAJIEKTPUYECKOW Cpefoil, B MpOCTeHIEeM ciaydae ¢ BakyymMoM. OIHO u3
YCIOBUM CYIIECTBOBAHUS TOBEPXHOCTHOTO TMOJIIPUTOHA HA TPaHUIE JBYX
U30TPOMHBIX  OJHOPOAHBIX  Cpea  TpeOyeT, dYTOObl  JUAJICKTPUYECKHUE
NPOHUIIAEMOCTH KOHTAaKTUPYIOIIMX MaTepuajoB ObUIM pa3HOro 3HaKa Ha
BbIOpaHHO YacToTe. JIOCTUTHYTH ATOrO MOKHO HE TOJIBKO B MeTajlaxX Ji0
IUTa3MEHHOM 4YacTOThl, HO U, Hampumep, B OOJACTH OCTaTOYHBIX Jy4yeu
(Reststrahlen band) moysipHBIX KpucTaIOB. B mociaeaHeM ciydae roBOpST YiKe
O TOBEPXHOCTHBIX (oHOH-TIoNsIpUTOHaX. CylllecTBOBaHHE O0OOMX THUIIOB
NOBEPXHOCTHBIX  TMOJSIPUTOHOB  OBUIO  HEOJHOKPATHO  MOJATBEPKIACHO
AKCHEPUMEHTAJIBHO.

AHanu3 MOBEPXHOCTHBIX MOJISIPUTOHOB B AHU30TPONHON OJHOPOIHOM
Cpe/ie CYyIIECTBEHHO YCIOXHSIETCA. B mepByto ouepeab 3TO CBSI3aHO C SBICHHUEM
JBYJIy4YETPEIOMIICHHSI, BO3HUKAIOIINM H3-3a CMEIIMBAaHUS COOCTBEHHBIX BOJIH
rpaHUYHBIMH yclOBUSIMH. [lepBble HCCleqOBaHUA MOBEPXHOCTHBIX MOJISAPHU-
TOHOB B aHU3O0TPOIHBIX CpEeJax OTTAJKUBAIUCh OT YCIOBHUM CYIIECTBOBAHUS
MOJIAPUTOHOB B HM30TpomHOU cpene. I[losTtomy kakoe-To Bpems Oblia
pacnpocTpaHeHa HEBEpHAas HJEs O TOM, YTO YCIOBHE OTPULIATEIBHOCTH
JTUDIIEKTPUYECKON TMPOHUIIAEMOCTH SABIISIETCS HEOOXOAMMBIM W B Cydae
aHM3oTponHbIX cpena. Opnako, B pabore 1988 roma [2] M.U. [pskoHOB
TEOPETUUYECKHU MPEICKA3al CYLIECTBOBAHUE MOBEPXHOCTHOM BOJIHBI HA T'PAHULIE
MOJIOKUTEIBHOTO OJHOOCHOTO AUAJIEKTPUYECKOTO KpHUCTala U H30TPOIHOTO
nuanekTpuka. Ceifyac OHa HA3bIBAETCS €r0 UMEHEM — NOBEPXHOCMHAS BOJIHA
Ilbsikonosa. TlpuHIMOUATBLHOE OTIWYME OT MPEABAYLIUMX ABYX MOJSPUTOHOB
COCTOUT B TOM, YTO BOJHBI [[pIKOHOBA — O€31MCIIEPCUOHHBIC, HE3ATYXAIOIIUE U
pPacHpOCTPAHSIOTCS B OTPAHUYEHHOM JIMANa30HE YTJIOB B IJIOCKOCTH T'PAHUIIBI.
IlepBpic 1Ba CBOWCTBA CBSI3aHBI CO CJIAa0OW YAaCTOTHOM JUCIEPCUEH W
OTCYTCTBHEM MoOrjomeHuss B audnektpukax. [locimennee omnpenensercs
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BEJIMYMHON aHU30TPOIHUHU OJTHOOCHOTO KpucTaiia. [lepBoe skciepuMeHTalbHOE
MOATBEPKACHUE CYIIECTBOBAaHUs BOJIH J[psgKkoHOBa ObLIO mojydeHo cmycts 30
aet B padote [3] s kpuctamia KTiOPO4 (KTP).

B nokmage Oyner mnpuBenéH o0030p TMOBEPXHOCTHBIX TOJISIPUTOHOB,
KOTOpbIE MOTYT CYIIECTBOBaTh Ha TPaHULE OJHOPOAHOM OJHOOCHOM U
M30TPOMHOM CpeJlibl, UX OCHOBHBIX CBOMCTB U OCOOCHHOCTEH. YK€ B IPOCTOM
clydyae, KOrja ONTHYECKas OCh OJHOOCHOW Cpeibl MapajieiibHa TpaHHUIIE,
uMeeTcsl OO0JIbIIIOE MHOTroo0pa3ue MOBEPXHOCTHBIX MOJISPUTOHOB: OJLIUNMU-
yeckue u ecunepbonruyeckue NIA3MOH- WU  (QOHOH-NONAPUMOHDBI,  BOJIHbI
Ilbsikonosa, ObsaxoHo8cKue naasmonsl. B oTiIM4YMe OT ciydas U30TPOMHBIX Cpe
BOJITHOBOM BEKTOp IMOBEPXHOCTHOTO TMOJSPUTOHA 3aBUCUT OT HAMpaBJICHUS
pacrpoCTpaHeHUsT B IUIOCKOCTH TpaHHIbl. B ompefenéHHBIX ciydasx 3To
OPUBOJAUT K OTPAHUYEHHOMY JMala3oHy VIJIOB pPaclpoOCTpaHEHUs, Kak
HanpuMmep i BOdH JpskoHoBa. Ilpu yud€re 4YacTOTHOM JUCIEPCUH
JUAJICKTPUIECKON MPOHUIIAEMOCTH U3MEHSETCS HE TOJIBKO BEJIMYMHA BOJTHOBOTO
BEKTOpa MOBEPXHOCTHOTO MOJISIPUTOHA, HO M IMANa30H yTJIOB PaCIPOCTPAHCHUS.
OTHU 0COOEHHOCTH YJI00HO aHAM3UPOBATH C TTOMOIIBIO U309aCTOTHOTO KOHTYpa
MOBEPXHOCTHOTO TMOJSpUTOHA. HasBaHus »IMOTHYECKUA uiau  TUnepoo-
JUYECKUN TIONSIPUTOH  OTPAXKAIOT CYTh (OPMBI HM30YAaCTOTHOTO KOHTYypa
COOTBETCTBYIOIIETO TMOJspuTOHA. bojiee mMoapoOHBIM aHamW3 W PEIICHHE B
aHAJTUTUYECKOU (opMe ISl MPOU3BOJILHOTO COOTHOIICHHUS MEXIY UDJIEKT-
PUYECKUMU MTPOHUIIAEMOCTSIMU Cpejl MpUBEAEH B pabote [4].

Pabora BeimonHena npu ¢guuancoBor noanepxkke PHD (rpant Ne22-12-

00139).

1. J.M. Pitarke et al., Rep. Prog. Phys. 70, 1 (2007).

2. M.N. JIpsixonos, XKOT® 4, 119 (1988).

3. O. Takayama et al., Phys. Rev. Lett. 102, 043903 (2009).
4. K.Yu. Golenitskii, preprint arXiv:2402.05537 (2024).
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DJIEKTPOHHAS CTPYKTYPA U TPAHCITOPTHBIE CBOVMICTBA
MACCHUBOB HAHOKPUCTAJUJIOB OKCHUIA I'AJUUINA

A.A. PeBun, A.A. Konakos, /[.C. Kopones
Huoicecopoockuii cocyoapcmeennniii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
E-mail: revinalexandre@yandex.ru

NHTepec Kk wuccnenoBaHWAM OKCUAA TalUIMs  PACTET  IMOCIEAHEE
NECATUIIETUE B CBA3U C IIEPCIEKTUBOU ITOCTPOCHUS NETEKTOPOB Y D-u3iryyeHus,
npuOOpPOB CHUJIOBOM 3JEKTPOHMKH, Ta30BbIX JaT4yukoB. PocT 00BEeMHOro
Marepuasa CONpPsKEH CO MHOTUMHM TpyAHOCTsAMU [1]. OnHUM U3 pelieHuit 3Ton
npoOsieMbl sBIsIeTCS (POPMUPOBAHME HAHOBKIIOYEHHM OKCHJIAa TaJlius METOJI0M
MOHHOM MMIJTIaHTaluu [2].

Hacrosimias pabGora moCBsillleHA  TEOPETHUYECKOMY  MCCIEIOBAHUIO
AJIEKTPOHHOM CTPYKTYphl HAHOBKJIIOUEHMH OKCHAA TaulMs B MaTpHIax
IIMPOKO30HHBIX TUAJIEKTPUKOB: B MEPBYIO 0YEPEIb TUOKCUAA KPEMHHUS.

B mpubnvxenun orubaromieil pacCUMTHIBAIOTCS SHEPTUU U BOJHOBBIC
(GYHKIIUHU 3IEKTPOHOB U JBIPOK YEAMHEHHOTO HAHOKPHUCTAIA B 3aBUCUMOCTH OT
ero pazmepa. [lokazaHo, 4To NpuUONIMIKEHHE CUIIBHOM CBSI3U SIBISIETCS XOPOIIUM
NPUOIIDKEHUSM ISl OMHCAHUS CTPYKTYPhl HHU3KOPHEPreTUUECKUX KBa3u-
YaCTUYHBIX COCTOSIHMM MAacCHBOB HAaHOKPHUCTAILIOB. COCTOSHMS 3JEKTPOHOB C
SHEprusMu OOJbIIe pa3pbiBa 30H MPOBOAUMOCTH PACCUUTHIBAINCH B
IpUOTMKEHUH TTOYTH CBOOOHBIX AJIEKTPOHOB.

Tak e paccunThIBaeTCs 3JIEKTPOHHAA CTPYKTYypa HAaHOKpHUCTAJLJIA OKCUA
raJijTusi, JISTUPOBAHHOTO MEJIKUM JIOHOPOM. JTa 3ajjaya MOKET ObITh BAXKHOU HE
TOJILKO M3-32 BO3MOXXHOTO HAMEPEHHOTO JIETUPOBAHUSA, HO U M3-3a HEM30EHKHOTO
dbopMupoBaHUsl TMpUMeEcEd, MPUXOAAINIMX M3 MATPHUIIBI, YTO MOXET JelaTh,
HanpuMep, KpeMHuid. [lokazaHo, 4YTO MEJIKWUE HOHOPHI B KPYHHOM HAaHO-
KpucTaie 00pa3yloT KOMITAKTHYIO HEHTPAJIbHYIO CUCTEMY.

boutn paccunTaHbl TMOABM)KHOCTH 3JEKTPOHOB B MPHUOJIMKEHUU TOYTH
CBOOOJHBIX AJIEKTPOHOB TMPU YYEeTe paccessHus Ha (QUIyKTyanusx pasMepa u
MOJIOKEHNS HAHOKPHUCTAJIIOB.

[Tokazano, 4ro kak 53(¢EeKThl pa3MEpHOro0 KBAHTOBAHHS B YHCTBIX
HAaHOKPHUCTAIUIAX, TAK U BOAOPOIOMOT00HBIE TOHOPHI C1a00 BIUSIOT HA MIUPUHY
ONTUYECKOM IIENH, YTO JE€JaeT MAacCUBbl HAHOBKIIOUEHUN OKCUAA Tajlius
MEPCIEKTUBHBIMU JIJIS1 IOCTPOCHUS AETEKTOPOB Y D M3iyyeHus.

PaGorta Oblna BBITIONHEHA MPU MOJACPKKE MHUHUCTEPCTBA HAYKH W
BhIciiero oopasoBanust P® (roczaganne FSWR-2023-0035)

1. C. Wang et al, J. Phys. D. Appl. Phys., 54, 243001 (2021),
2. D.S Korolev et al., Nanomaterials, .12, 1840 (2022).
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EFFECTIVE THERMALIZATION AND CRITICAL SLOWING DOWN
IN TWO-PHOTON DISSIPATIVE QUANTUM SYSTEMS

V.Yu. Mylnikov?!, S.0. Potashin?, M.S. Ukhtary?, C.A. Downing?,
G.S. Sokolovskiit, N.S. Averkiev?
1 offe Institute, St. Petersburg
2 University of Exeter, Exeter, UK
E-mail: vm@mail.ioffe.ru

In recent years, the fields of physics and quantum optics are very
interested in dissipative phase transitions (DPT) [1]. Abrupt changes in the
physical observables of the system's parameters, including coupling constants,
driving rates, and dissipation, are essentially identify it. The reason behind
growing interest in the DPT is the substantial advancement of a recently
established field of quantum optical studies called cavity quantum
electrodynamics, which makes it possible to create a large variety of controlled
nonequilibrium quantum systems. We will examine an microwave oscillator
with two-photon driving and two-photon dissipation as a prominent example of
such a system in the present study (Fig 1a). The qubit platform, which is
beneficial for universal quantum computation [2] and is based on quantum
Schrodinger cat states, is the direct practical implementation of such a model [3-
4]. Beyond the mean-field description, such a system becomes extremely
complex to examine due to its quantum and dissipative characteristics. In
statistical physics, one can apply the Landau theory, which is utilized for a wide
range of equilibrium systems. However, the common framework for
investigation of the DPT is currently absent.

a) b) <a
] | 20
8 mna I_;n 15
B Mlcroyvave 10

h g cavity
0

0 10 20 30
Normalized detuning, A/m
Fig. 1. (@) A schematic of the photon microwave cavity with two-photon pump at g rate,
one-photon pump at h rate and two-photon dissipation at # rate. (b) Average number of
photons n=<a'a > vs the normalized frequency detuning A/m. The normalized two-photon
pump rate and two-photon dissipation rate are set to g/m=20 and n=1, correspondingly.

Blue dashed line represents semiclassical approximation, while red line shows the numerical
calculation.

Here, we systematically demonstrate that, at regions near the critical
point, the nonequilibrium DPT that observed in the microwave oscillator with
two-photon drive and two-photon dissipation (Fig. 1b) may be projected onto a
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nonlinear classical oscillator with noise. Additionally, we describe the quantum
critical area close to the critical point, where significant quantum fluctuations
ruin mean-field treatment. To do this, we use the truncated Wigner
approximation in this paper, which allows us to improve the semiclassical
equations derived earlier [5]. As a result, we obtain the Langevin and Fokker-
Planck equations, which describe the Wigner distribution function and allow us
to take into account the critical quantum fluctuations of the system.

We show how the well-known ideas of the statistical physics appear in the
explored nonequilibrium system and lead to emergent equilibrium in the vicinity
of the critical point. In order to do this, we proved that the distribution function
takes on the shape of a Boltzmann distribution that depends on the effective
temperature and potential. Thus, one of the key results of this research is the
justification of the Landau theory for the DPT under consideration.

Similar to a thermodynamic phase transition, fluctuations increase close to
the critical point [6]. As a result, a critical area appears where the Landau theory
no longer holds true. To get over this issue, we use the Fokker-Planck equation
and immediately calculate the distribution function at the critical point. This lets
us determine the average number of photons as a function of drive and
dissipation rates and the associated critical exponent. Furthermore, we
investigate the critical slowing down near the critical point of dissipative phase
transition both analytically and numerically, focusing on the calculation of the
Liouvillian spectral gap [7]. We also investigate the response of the system on
the weak one-photon drive and find the analog of the classical Curie's law.

This research was supported by RSF (project No. 21-72-30020).

1. E. M. Kessler, et al., Phys. Rev. A 86, 012116 (2012).

2. M. Mirrahimi, et al., New J. Phys. 16, 45014 (2014).

3. Z. Leghtas, et al., Confining the state of light to a quantum manifold by
engineered two-photon loss. Sci. 347, 853-857 (2015).

4. C. Berdou, et al., One Hundred Second Bit-Flip Time in a Two-Photon
Dissipative Oscillator. PRX Quantum 4, 20350 (2023).

5. N. Bartolo et al., Phys. Rev. A 94, 033841 (2016).

6. V. Yu. Mylnikov et al., Nanomaterials 12, 2543 (2022).
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SILICON FILM MICRO- AND NANOSTRUCTURES WITH DIELECTRIC
LAYERS OF SCANDIUM OXIDE

A.M. Guryanov?!, S.A. Guryanov?
1 Samara State Technical University, Samara
2 Bauman Moscow State Technical University, Moscow
E-mail: gurjanovam@mail.ru

Scandium oxide can be classified as an alternative dielectric, dielectric
with high dielectric constant - high-k dielectrics. In this work, dielectric films of
scandium oxide with a thickness of 20—-100 nm deposited on silicon substrates
were considered. The properties of both the dielectric scandium oxide films
themselves and the properties of MIS-structures with dielectric layers of
scandium oxide were determined.

The optical parameters of the films (thickness, refractive index) were
determined using reflective ellipsometry methods. The established model of the
reflective surface of the scandium oxide film-silicon substrate structure is the
model of a homogeneous transparent film on an absorbing substrate with two
transition layers, one of which is the surface layer of silicon dioxide. Within the
framework of the established model, the optical parameters (refractive index and
thickness) of the films were calculated from the measured ellipsometric angles,
as well as the parameters of the transition layers at the dielectric-semiconductor
interface, which were used to determine the electrical characteristics of MIS-
structures. In the structures considered, the refractive index of scandium oxide
films turned out to be 1.94.

It has been established that the electrical conductivity of the dielectric
films under study, determined from the current-voltage characteristics of MIS-
structures, is described by the Poole-Frenkel mechanism. From the measured
high-frequency capacitance-voltage characteristics, the specific capacitance of
the dielectric layer, the capacitance overlap coefficient, the value of the control
voltage, the surface density of the built-in charge in the dielectric, and the
effective density at the potential of flat zones were calculated. It is shown that
the presence of transition layers at the dielectric-semiconductor interface leads
to a decrease in the specific capacitance of MIS-structures and an increase in the
surface density of the built-in charge in the dielectric and the effective density of
surface states. Using data on the parameters of films and transition layers at the
dielectric-semiconductor interface, a value of 15 was obtained for the dielectric
constant of scandium oxide films in the MIS-structures under consideration.
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INTERVALLEY MIXING AND EXCITONS IN LEAD CHALCOGENIDE
NANOSTRUCTURES

1.D. Avdeev!, M.O. Nestoklon!, S.V. Goupalov!?
lloffe Institute, St. Petersburg
2Jackson State University, Jackson, Mississippi, USA
E-mail: ivan.avdeev@mail.ioffe.ru

Lead chalcogenides nanostructures, PbX, X=S, Se, Te, offer extensive
potential for applications in various fields of science and technology. These
materials can be used to create efficient optoelectronic devices such as solar
cells, photodiodes and emitters operating in the infrared (telecommunication)
spectral range [1]. They are also promising candidates for use in quantum
systems as single-photon sources [2] or as a platform for realization of Majorana
fermions [3]. Despite their excellent physical properties, theoretical description
of lead chalcogenides nanostructures is significantly complicated by their
complex multi-valley band structure. The band extrema in PbX are located in
four nonequivalent L valleys, which states can mix due to the intervalley
scattering at the surface of the nanostructure.

To address this issue, our group has conducted a series of studies [4-6],
developing a comprehensive generalized theory that accounts for the valley
mixing of states in PbX nanostructures. Our theory is based on a combination of
the atomistic tight-binding method, group theory, and extended kp model. The
primary focus of these studies is on quantum dots of PbS and PbSe, although the
developed methods and approaches are also applicable to nanowires, quantum
wells, and nanosheets of PbX and other multi-valley semiconductor materials.

The presentation will briefly outline how to incorporate the valley mixing
into the Hamiltonian of the nanostructure and how to compute its parameters.
Additionally, the impact of the valley mixing and the associated valley splitting
on the g-factors of the ground electron and hole levels, as well as the fine
structure of the ground exciton in PbS and PbSe quantum dots with various
surface shapes and point symmetries, will be analyzed.

This work is supported by the RSF grant No. 23-12-00142.

L. Gao et al., Nat. Photon. 14, 4, 227 (2020).

S. Krishnamurthy et al., ACS Nano 2021, 15, 1, 575 (2020).
W. Song et al., Phys. Rev. B 108, 045426 (2023).

IDA, MON, SVG, Nano Lett. 20, 12, 8897 (2020).

IDA, SVG, MON, Phys. Rev. B 107, 035414 (2023).

IDA, MON, JETP, Vol. 166, No 8 (2024).
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ANISOTROPIC SURFACE POLARITONS IN UNIAXIAL MEDIA

K.Yu. Golenitskii
loffe Institute, Saint-Petersburg
E-mail: golenitski.k@mail.ioffe.ru

Polariton is the result of the interaction of light with excitations in a
media, for example with phonons, with plasmons, with excitons and so on.
Surface polaritons are special solutions of Maxwell's equations in the form of a
wave propagating along the free boundary of a crystal or along the boundary
between a crystal and another medium, and localized at this boundary. Thus, the
excitation energy is concentrated near the boundary at distances of the order of
several wavelengths and is transferred along it to distances significantly greater
than the wavelength.

The most studied and often cited example of a surface polariton in the
literature is the surface plasmon(-polariton) [1]. It exists at the boundary of a
metal with an isotropic homogeneous dielectric medium, in the simplest case
with a vacuum. One of the conditions for the existence of a surface polariton at
the boundary of two isotropic homogeneous media requires that the dielectric
constants of the contacting materials be of different signs at the selected
frequency. This can be achieved not only in metals up to the plasma frequency,
but also, for example, in the region of residual rays (Reststrahlen band) of polar
crystals. In the latter case, one already speaks of surface phonon-polaritons. The
existence of both types of surface polaritons has been repeatedly confirmed
experimentally.

The analysis of surface polaritons in an anisotropic homogeneous medium
becomes significantly more complicated. This is primarily due to the
phenomenon of birefringence, which arises due to the mixing of natural waves
by boundary conditions. The first studies of surface polaritons in anisotropic
media were based on the conditions for the existence of polaritons in an
isotropic medium. Therefore, for some time there was a widespread incorrect
idea that the condition of negative dielectric constant is also necessary in the
case of anisotropic media. However, M.l. Dyakonov theoretically predicted the
existence of a surface wave at the interface of a positive uniaxial dielectric
crystal and an isotropic dielectric in work [2] dated 1988. Now it is called after
him Dyakonov surface wave. The fundamental difference from the previous two
polaritons is that Dyakonov waves are non-dispersive, without absorption, and
propagate in a limited range of angles in the boundary plane. The first two
properties are associated with weak frequency dispersion and the absence of
absorption in dielectrics. The latter is determined by the strength of the
anisotropy of the uniaxial crystal. The first experimental confirmation of the
existence of Dyakonov waves was obtained 30 years later in [3] for the
KTiOPO4 (KTP) crystal.

The report will provide an overview of surface polaritons that can exist at
the boundary of a homogeneous uniaxial and isotropic medium, their main
properties and features. Already in the simple case, when the optical axis of a
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uniaxial medium is parallel to the boundary, there is a large variety of surface
polaritons: elliptical and hyperbolic plasmon or phonon polaritons, Dyakonov
waves, Dyakonov plasmons. In contrast to the case of isotropic media, the wave
vector of the surface polariton depends on the direction of propagation in the
plane of the boundary. In certain cases, this leads to a limited range of
propagation angles, such as for Dyakonov waves. When taking into account the
frequency dispersion of the dielectric constant, not only the magnitude of the
wave vector of the surface polariton changes, but also the range of propagation
angles. These features can be conveniently analyzed using the isofrequency
contour of the surface polariton. The names elliptical or hyperbolic polariton
reflect the essence of the shape of the isofrequency contour of the corresponding
polariton. A more detailed analysis and solution in analytical form for an
arbitrary relationship between the dielectric constants of media is given in [4].

The work was carried out with the financial support of the Russian
Science Foundation (grant No. 22-12-00139).

1. J.M. Pitarke et al., Rep. Prog. Phys. 70, 1 (2007).

2. M.N. Ipsixonos, XKOT® 4, 119 (1988).

3. O. Takayama et al., Phys. Rev. Lett. 102, 043903 (2009).
4. K.Yu. Golenitskii, preprint arXiv:2402.05537 (2024).
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ELECTRONIC STRUCTURE AND TRANSPORT PROPERTIES
OF ARRAYS OF GALLIUM OXIDE NANOCRYSTALS

A.A. Revin, A.A. Konakov, D.S. Korolev
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod
E-mail: revinalexandre@yandex.ru

Interest in gallium oxide research has been growing over the past decade
due to the prospect of building UV radiation detectors, power electronics
devices, and gas sensors. The growth of bulk material is associated with many
difficulties [1]. One of the solutions to this problem is the formation of gallium
oxide nano inclusions by ion implantation [2].

This work is devoted to the theoretical study of the electronic structure of
gallium oxide nano inclusions in matrices of wide-band dielectrics: primarily
silicon dioxide.

In the envelope function approximation, the energies and wave functions
of electrons and holes of isolated nanocrystal are calculated depending on its
size. It is shown that the tight-binding approximation is a good approximation
for describing the structure of low-energy quasi-particle states of nanocrystals
arrays. The states of electrons with energies greater than offset of the conduction
bands were calculated in the approximation of almost free electrons.

The electronic structure of a gallium oxide nanocrystal doped with a
shallow donor is also calculated. This task may be important not only because of
the possible intentional alloying, but also because of the inevitable formation of
impurities coming from the matrix, which, for example, silicon can do. It is
shown that shallow donors in a large nanocrystal form a compact neutral system.

Electron mobility’s were calculated in the approximation of almost free
electrons, taking into account scattering by fluctuations in the size and position
of nanocrystals.

It is shown that both the effects of size quantization in pure nanocrystals
and hydrogen-like donors have a weak effect on the width of the optical slit,
which makes arrays of gallium oxide nano inclusions promising for the
construction of UV radiation detectors.

The work was supported by the Ministry of Science and Higher Education
of the Russian Federation (State Assignment FSWR-2023-0035).
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CHUHTE3 OIITUYECKHNX DJIEMEHTOB CBOBOJIHOM OOPMbI
MOJNPUINPOBAHHBIM METOJIOM OTOBPAXKEHMA JIVHEN
JUIA 3AJAY U30BPAXAIOIIEN OIITUKA

A.O. BosHecenckas, A.B. Tepno, A.B. baxonaun
Vuusepcumem UTMO, Cankm-Ilemepbype
E-mail: voznesenskaya@itmo.ru

CoBpeMEHHbBIE TEXHOJOTMH Pa3pabOTKH CHUCTEM  HHIYCTPHAIBHON
(OTOHUKHN TpeOYIOT AOCTUXKEHUS AUPPAKIUOHHOIO KayecTBa (HOPMHUPYEMOTO
M300paKeHUsS W B TO K€ BpeMs OOecleyeHHs] KOMIAKTHOCTH ONTHYECKUX
UHTEepEHCOB 3a CYeT MHUHHMH3AIMH YKClIa dJIEMEHTOB. [IpuMeHeHHe HOBOM
DJIEMEHTHOW 0a3bl, OCHOBaHHOW Ha omnrtuke cBoOomHoU (opmer (freeform),
TIO3BOJISIET JOCTUYh JAaHHBIX TpeOoBaHUil. ClielyeT OTMETHTh, YTO MPUMEHEHHE
freeform-ontuku B TOCHEqHEE JCCATUICTHE 3HAYUTEIBHO PACIIMPHIIOCH,
Omarojapss TIOSBICHUIO IIUPOKOTO ACCOPTUMEHTAa BBICOKOKAYECTBEHHBIX
ONTUYECKUX TIOJMMEPOB, BBICOKOTOYHOTO O0OpYIOBaHHs IS (HOPMHUPOBAHUS
CJIOKHBIX TPO(dHIIEH MOBEPXHOCTEH, Pa3BUTHIO MAaTEeMAaTUYECKOTO ammapara u
COBEPIICHCTBOBAHUIO BHIYUCIUTEIHLHBIX MOITHOCTEH.

B pesynbrate usydenus meronoB cuHte3a freeform-ontuku BBISBICHO,
9T0 OOJBIIMHCTBO W3 HHUX MpEIHA3HAYCHO HJsi pa3pabOTKH OCBETHUTEIHHBIX
CHUCTEM W HE YUYHUTHIBAIOT KPUTEpUU KadecTBa m3o0pakeHus [1]. B wactHOCTH,
HETPUBHAIBHON 3a/adeil MaTeMaTHYecKoro mojenupoBaHus freeform-ontuku
ABJIIETCSI KOPPEKTHOE OIMCaHWE MPeoOpa3oBaHUsl BXOIHOTO U BBIXOJHOTO
BOJIHOBBIX (DPOHTOB C COOJIIOJIEHUEM JOIMYyCTUMBIX HCKaXKEHHUH, OMUCHIBAEMBIX
dbyHKIIMEH BOJHOBOW abeppaluu, a TakKe ydera 3HAYUTEIHbHOTO KOJHWYEeCTBa
OTpaHUYEHUI, CBA3AHHBIX C TEOMETPUUYECKHUMH IMapaMeTpaMu ONTUYECKHUX
oBepXHOCTeH cBoOOAHOM (hopMmbl [2]. Kpome Toro, st mogoOHBIX 0OpaTHBIX
METOJIOB pacyeTa ONTUKH 0co0as CIOXHOCTh 3aKIIOYaeTCs B OIpeAesIeHUn
«CTapTOBOM TOYKW» ONITHYECKON CUCTEMBI.

Moaudukanus Meroga TE€OMETPHYECKOTO OTOOpakeHHs Jydei (ray-
mapping method) mo3Bosmia pa3paborars anroputMsl pacueta freeform-onruku
TUTst n300pakaromux 3anad. [IpennoskeHHbI MOAX0 ] OCHOBAH Ha COMPSKEHUU
KOHTPY?HIIUH BXOJHOTO W BBIXOJHOTO BOJHOBBIX (DPOHTOB, OOpaTHO¥ Tpac-
CHUPOBKE JIy4eid, omnpeneiacHnr Habopa Touek muckomoi freeform-nmosepxHocty,
MOCIIAYIONICH ee anmpoKkcuManuu 1 Bepudukammm [2, 3].

B pabore mpexncraBieHbl pa3paboTaHHBIC aJITOPUTMBI pacueTra U
pe3ysIbTaThl MOJETHpPOBaHUS pedpaknnoHHONW W 3epkaiapHOU freeform-onruku
JUIST  KOCMUYECKUX CHCTEM, KOJUITMMATOPOB U YCTPOWCTB JOIMOJHEHHOU
pPEaNbHOCTH, a TaKXKe MOoKa3aHbl HambOomee 3((PEeKTUBHBIE CIOCOOBI OMMCAHUS
nosrydeHHBIX freeform-moBepxHOCTEld W WX TOCHEAYIONICH HMHTErpaluil B
CTaHapTHBIC MMAKETHI MPOTPAMM.

1. J.P. Rolland, M.A. Davies, T.J. Suleski, et al., Optica. 8. 161-176 (2021).

2. Y.V. Mazur, A.O. Voznesenskaya, J. Opt. Technol. 89. 89-93 (2022).

3. Y.V. Terlo, A.O. Voznesenskaya, J. Opt. Technol. 90, 242-248 (2023).
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O IIOT'PEIIHOCTH M3MEPEHUI KOD®DUITMEHTA 3ATYXAHUA
OIITUYECKNX BOJIOKOH B UMITY JIbCHOM PE®JIEKTOMETPUU

H.B. ®posios
000 «Capancxkrkabenv-Onmukay, Capauck
E-mail: frolov@sarko.ru

OO1IenpuHATO ONpENEICHUE MOTPEIIHOCTH U3MEpeHUs Kod(pduineHTa
3aTyxaHus ontuueckux BoJIOKOH (OB) wmeromoMm o0paTHOro pa3JeeBCKOTO
paccestHust Ha yyactkax OB cpegHel NpoTsSKEHHOCTH (JIECATKU KHUIOMETPOB), C
yKa3aHWEeM Ha CHUCTEMATHYECKYI0 OHIMOKY, OOYCIOBJICHHYI) HEIWHEHMHOCTHIO
mkanel  peduexkromerpa. Cpeau ApYrux COCTaBISIIONIUX — TOTPEITHOCTH,
MOTYIIUX OKa3aTh BIIMSHUE, YKa3bIBAIOT MIYMOBYIO, HUHTEP(EPEHIIMOHHYIO,
NoJISIpU3alMoOHHY10 [1].

B T0 xe Bpems morpemHocTth u3Mepenus kodddunuenta 3aryxanus OB
SIBJISIETCS. CYIIECTBEHHO BAXKHOW: MPU M3MEPEHUM KaOesed C MOBBIIICHHBIMU
TpeboBaHUsIMH K BennurHe ko3 dunrenta 3aryxanus OB s maructpaibHbIX
BOJIOKOHHO-ONITHYECKUX JIMHUM CBSI3M JIJIMHOW B HECKOJBKO KHJIOMETpPOB, a
TakK€ TPH TPOBEJACHUU HCHBITAHUN OOpa3IoB KaOEIbHOW MPOAYKIIUH,
UMEIOIINX, B COOTBETCTBHM C OIPAHUYCHHBIM pPa3MEpPOM HCIBITATEIBHBIX
YCTaHOBOK, JITUHY MeHee 1 K.

CuctemaTryeckas MOTPEIIHOCTh U3MepeHust KodhduimeHTa 3aTyXaHHs
OB coBpeMeHHBIX pedieKTOMETpoB BenuunHOM 1-3 % sBIsAeTca TmpeBa-
mupytomeid npu jumHax OB B Heckonbko KuioMmeTpoB. Ilpu ymeHbIIeHUU
U3MEepseMON JUIMHBI MOTPEIIHOCTh BO3PACTAET MO CTENEHHON (YHKUWHU, YTO
00yCJIOBJIEHO BIUSIHUEM YKa3aHHBIX COCTaBIISIOIIMUX IMOTPEUTHOCTH HAa TOYHOCTD
u3MepeHuit kodpdunmenrta 3aryxanus OB [2, 3]. [Ipu sToM, HOpMaTUBHAas
noKyMeHTauus [4], mpu ompeneneHud MeToAoB ucnbiTaHuii OB B cocTase
ONTHYECKUX KaOejeH, MpearnuchiBacT MPOBOAUTH H3MEpeHHs Kod(duimeHTa
3aryxanus npu giuuHe OB ne menee 1xkMm. Ha mpakTuke, MUHMMalbHAS JIMHA
OB 1114 10CTOBEPHBIX (HO HE TOYHBIX) U3MEPEHUM, NpesicTaBisieTcss paBHou 0,6
kM. [Ipu MEHBIINX JAJIMHAX YYaCTKOB, OMIMOKA HE MPE/ICTABISAECTCS MOHOTOHHOU
dbyHknue, a uMmeeT 3Ha4YMTENbHBIE (QuykTyanmuu. Kpome Ttoro, Ha pediek-
TOrpaMMax HaOJI0Jal0TCsl YYACTKU C MHTEPBAJIOM KOPPEISIIIUU, COMIOCTABUMBIM
C IPOCTPAHCTBEHHOM JUIMTEIBHOCTHIO U3Mydaemoro umiyibca (10...30 m) [5].

Bce Bumpl morpemmHocTedl u3MepeHuss KO3PGUIMEHTa 3aTyXaHHs
pedaexkromeTpa 0O0YCIOBICHBI (IYKTyalUsiMA aMIUTUTYJT OTCUETOB peQIieK-
TOTPaMMBbl, OOPa3yIOIIUX T.H. «IIIyMOBYIO JOPOXKKY», CTATUCTHUECKUE CBOICTBA
KOTOPOM M OMNpenesatoT MOrpelmHocTh. [Ipu 3ToM, mpu HOpMalbHOM IIyME,
IUpUHA LIYMOBOU JOpOXKKH 24B =~ 4.6 o (nna 98 % MOCTOBEpPHOCTH), THE
Ogr — cpenHekBaapaTuieckoe oTkiaoHeHue myma (CKO) [1].

IIpu wu3MepeHun kodPuIKMEHTa 3aTyXaHUs MTPUMEHSETCS TIJIaBHBIM
obOpa3zom meton HamMmeHbImx kBagapatoB (MHK), mpu 3ToM mpenmomaraercs

HE3aBHCUMOCTh 0TCYEeTOB pediekTorpamMmbl, a CKO MmOrpenrHocTy u3MepeHHs
O'RZ\/§

metona omnpenensiercs yepe3 CKO myma kak: 0pgq = TN
vIVL

rae N; — aucno
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MPOCTPAHCTBEHHBIX TOYEK OTcUeTa pe(eKTOorpaMMbl, YYacTBYIOIIUX B
YCPEIHEHUM Ha HU3MEPSIEMOM yYacTKe Tpacchl JiauHou L [2]. Uepe3 mupuny
IIYMOBOM JOpoXKU 2AB (3pech W Janee >KUPHBIM LIPU(PTOM BbIIEIEHBI

BEJIMYMHBI B JlenuOenax), MorpeurHocTb u3MepeHus: Ko3pGuurenTa 3aTyXaHus
2AB2V3

LNy

HpCO6p&30BaHI/I5{ BCJIMYMUH OOIMYCTUMBI C Y4YCTOM OTHOCHUTEIILHOM MaJOoCTH

MOXHO 3amucatb B Buae: Adpgy = IIpy »>TOM JIMHEHHBIE

cootnowenus AB / B » T'Ae B — curnan/uiym, AB ~ 2 - 10785 (ma B = 5 ) [1].

[Ipu u3MepeHnn HENPOTSHKEHHBIX Tpacce 3aryxanuem B OB MoxHO npeneOpeub
u B=(py+b)/2, tne p1— COOTHOIIEHHE CHTHAI IIYM JJIS OJHOTO OTCYETA
(uMmmynbca) B OAHOM TOuke pedeKkTorpamMmbl 0€3 HAKOIUICHMS, & BBIMTPBILI
HeKorepeHTHoro HakorieHuss b = 10lo g\/N_a, rae N, — KOJIMYecTBO OTCYETOB
3a Bpemsi ycpeaHeHus [1]. JlaHHas morpemrHocTh SIBISETCS MpeoOdiaaaronieit
pU U3MEPEHUH MPOTSIKEHHBIX TpaccC.

Kpome mrymMoBOW MOrpemIHOCTH, BbI3BAHHOW CHOHTAHHBIMU IIyMaMH,
umeeTcsi UHTepdepeHIIMOHHAS TOTPEITHOCTh (IITyMbl KOTEPEHTHOCTH), KOTOPBIE,
cormacHo [l], ompenensroTCs Kak pe3yiabTaT B3aWMOJICUCTBUS HMITyJbCa

pedaexkroMeTpa C HEOAHOPOJHOCTSMU BoOJIOKHA. [lpm 3ToM ammiuTyna
2

VN
_ mtv,

NC = — YHCJIO0 IMPOCTPAHCTBCHHBIX HCKOI'CPCHTHLIX CCIMCHTOB HMMITYJIbCA
2L

C

nazepa @abpu-Ilepo ¢ IIUTENBHOCTHIO T, U3MYYAIONIEr0 HA M MPOJOIBHBIX
2

A o
MoJax, TOcC Lc = E — JIMHA KOI'CPCHTHOCTU H3JIYUYCHH:A Jila3€pa C AJIHMHOH
n

BOJIHBI A W IIUPUHON CHEKTpajdbHOM nuHUU AA, C y4yeToM IMOKa3aTels
npenomiieHuss n. [lpu 3ToM onenka mnorpemHoctd wuzMmepenus i1 MHK

KOT€PEHTHBIX IIYMOB 1O IHIKalie pediaekromeTpa OyaeT paBHa: AB =

yl . .
Orsp = 4,2—A- , OIpenesieTcs, MUPUHON crheKkTpa Jjiazepa A U JIMHOU

1

Yo
BOJIOKHA U SABJIAETCS Mpeodiaaroniell mpu KOPOTKUX u3MepsieMbix qinHax OB
[2].

[lonspuzaionHasl MOTPEIIHOCTh OOYCJIOBIIEHA KaK MOJSPU3AIMOHHON
YyBCTBUTEJIBHOCTBIO  3JIEMEHTOB  pediiekToMeTrpa, TaKk H  OUCHUSMU
nBynydenpenomienns B OB u orneHuBaeTcs B HECKOJIBKO COThIX aemmben [1].
Cpenn METOJOB YMEHBIICHHS MOJSPU3ALUOHHON MOTrPEIIHOCTH CaMbIM
PacIpOCTPAHEHHBIM SIBIISIETCS] UCIIOJIb30BAHKUE MOJSPU3ALMOHHOTO TPUMEHEHHE
MOJIAPU3AIMOHHOTO CMECHUTENsI, CIydalHbIM 00pa3oM u3MeHsmero ¢a3y
MOJIAPU3AINN U W3MEHEHUE JUTMHBI BOJHBI M3Iy4YCHHS Jiazepa pedaeKkromMeTpa
BO BpeMsi UBMEPEHUS, HAIIPUMED, ITyTEM U3MEHEHUs ero temmepatypsl [6]. [lpu
ATOM, MPUMEHEHHUE MOJSIPU3ALMOHHOTO CMECHUTEINSl YJIy4IlaeT MOTPEIIHOCTh
Oomnee yem B 2 pasa, a UBMEHEHHE JJIMHBI BOJHBI M3JTyYEHHUS MOKA3bIBACT CIIe
60mb11YI0 9P PEKTUBHOCTS.

B To ke BpeMs, HOpMATUBHBIA METOJ H3MEpPEHHUs 3aTyXaHus (U ero
Kodh umrenTa) MeToa0M 0OpaTHOTO pacCesHUSI HE JOIMYCKAeT MCIOIb30BaAHUS
B CXEM€ M3MEPEHUs KaKUX-TUOO BHEIIHUX YCTPOUCTB, KPOME H3MEPUTEIbHOM
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KaTylmIKd, TPH STOM, TaKXKE HAKIAIbIBAIOTCS OTPAaHUYCHHS] HAa OTKJIOHEHHE
HEHTPATBHON JUIMHBI BOJHBI MepeAaTdyuka pedaeKToMeTpa OT HOPMUPYEMOH H
JNOMYCTUMYIO IIMPUHY cniekTpa [7].

C uenpto crinakuBaHus (BIyKTyaluid IpeanpUHUMAINCH TaKKe MOMBITKA
NpPUMEHEHUSI TNOCTOOPAOOTKH  pedIaeKTOrpaMM  METOJaMU  ONTHUMAaJIbHOU
(GUIbTpallii CHUTHAJIOB, B YaCTHOCTH METOJAMH aJanTHBHOW (UIbTpanuu c
ucnonp3oBanueMm ¢uiabTpa Kanmmana. Hecmotpst Ha To, 4To (ayKTyaluu Kak
curHasa pegiaeKkTorpaMMbl, TaK H OMIMOKM HM3MEpeHus, MyTeM moadopa
BecoBoro kodddunmenta QuibTpanuu, yAAJIOCh B HEKOTOPBIX Ciydasx
YMEHBIIINTh NMPUMEPHO BIIBOE, TEM HE MEHEe, B JPYTHX CIIy4asX, yJydlIeHUN
TOOUTHCS HE YAAIOCH [5].

ABTOpOoM B pabote [8] mpemsiokeH MOAXO0J K PACCMOTPEHHUIO BIIHSHHS
¢GuykTyanuii Ha OCHOBE HMX CTAaTUCTHUECKHUX OIICHOK, MOJYYCHHBIX B TEOPUHU
PaIMOTEeXHUYECKUX CHCTEM, HCXOAs W3 aHAJIOTHMH HWMEIONIeHcs 3anadu
00pabOTKU HMMIMYJbCHOTO CHTHalIa B pediieKToOMEeTpe ¢ 3ajadeil o0paboTKu
CUTHaJIa UMITYJIbCHOTO PaJHOIOKaToOpa OT IBHXKYIIEHCS TIeIH.

Paccmotpenne BnusHHS (QIyKTyanuid Ha OCHOBE WX CTaTHCTUYCCKUX
OILICHOK, TOJYyYEHHBIX B TEOPUU PATUOTCXHUYECKHX CHUCTEM, HUCXOAHUT W3
aHAJIOTUM  UMEIONICHCS  3aJadyd  OO0padOTKM  HMMITyJIbCHOTO CHTHajda B
pediekTomMeTpe ¢ 3amaueii 00padoTKH PIIYKTYHPYIOIIETO CUTHAIA UMITYJILCHOTO
pamuosiokaTopa OT JBIKYyIIeHcss 1end. [lpm 3ToM, B OCHOBY aHaJOTHH
MOJIO)KEHBI OOIIHOCTh KaK CTaTUCTUYECKUX CBOMCTB CHUTHajla Ha BXOJle
yCTpOiCTBa 00pabOTKH, TaK U CTPYKTYPHOUM CXEMBI YCTPOMCTBA €ro 00paboTKH.
[Tony4yeHHbIe pe3yNbTAaThl CYIIECTBEHHBIM 00pa30M YTOUHSIOT paHee YKa3aHHbIE
U COCTOSIT B CJIEIYIOIIEM.

Bo-niepBbix, ynciio Touek N;, y4acTBYIOIIMX B YCPEAHEHHH, MO CYyTH —
YHUCIIO HEKOPPEITUPOBAHHBIX OTCYETOB pe(iieKTorpaMMmbl. ITO  SBISETCSA
CJIEJICTBUEM CBOMCTBA CTAIlMOHAPHBIX 3PrOJUYECKUX MPOIEcCOoB [9], cormacHo
KOTOPOMY, AMCHEPCHsI CPEAHEro 3HA4YCHHs Mpollecca 3a MEepPUO yCPeIHEHUs
02(T) ompenensercd, B OOIEM Ciydae, XapaKTepOM KOPPEIAIUH MEXKTY
OTCUETAMHU M TPU MPOAOTKHUTEIIBHOM BpeMEHU ycpernHeHusi T >> T, , TAe T, —
uatepsan koppensuuy;  02(T) < of % = ;—’2" , rme N, = % —  YHUCIIOo

e K
HEKOPPEJIMPOBAHHBIX OTCYETOB ciydyaiiHoro mpouecca. Ilpu s3tom, Ha
OCHOBAaHMM HKCIIEPUMEHTAJBHBIX JIAHHBIX, MPOCTPAHCTBEHHBIH HHTEPBAI
Koppemsiiuu [, Ha pedrektorpammax OIM30K K  MPOCTPAHCTBEHHOM
JUIMTETHOCTH ~ MMITYJIbCa l, , W 4YHUCIO HE3aBUCUMBIX OTCUETOB

L
pebaexkrorpaMMbl mpu  ycpeaHeHuu N, = L &« N, 4YTO CyIIECTBEHHO
K

YBEJIMYMBACT TOTPENTHOCTh OIECHKH Kod(pduimeHTa 3aTyxaHus, C Y4YETOM
YMEHBILICHUS] KOJIMYeCTBAa OTcueToB [8]. BmecTe ¢ Tem, Hy)KHO OTMETUTb, YTO
IIOCKOJIBKY JUIMTEJIBHOCTh WMITYJIbCA M LIMPHUHA CIIEKTPa HEMOCPEACTBEHHO
CBA3aHbl MEXAYy COO0OM, JaHHas OLEHKAa OKa3bIBA€TCS HKBUBAJICHTHOMU
MPUBOJIMMOM paHEe OLEHKE IIOrPEIIHOCTH, BBIPAXKEHHOM YEpe3 LIHPUHY
CIIEKTpa HW3JIyYE€HHUs, a HE3aBUCUMOCTb €€ OT UINTEIIbHOCTH HMITYJIbCa
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OOBSCHAETCS B JAHHOM CJIy4yae COMOCTABUMOCTBIO MHTEpBala KOPPENALHH C
JUTUTETLHOCTBIO UMITYJIbCA.

Bo-BTOpBIX, ammiauTyaa orudaromeid MMIyIbCHOTO (IYyKTyUPYIOIIEro
CUTHaJa UMEET OTJIUYHBIA OT HOPMAJbHOI'0, 3aKOH 0OOOIIEHHOT0 ABYMEPHOTO
pactipeneneHust Panes (Panesi-Paiica) [9], ¢ mapameTrpoM CUTHAI/IIyM, JIMIIb
pu OOJIBIIUX 3HAYCHUSX MOCJICAHETO MEePEeXOASIIUM B HOPMAJIbHBIA 3aKOH.
COOTBETCTBEHHO, ONTUMAJIBLHON OIIEHKOM aMIUIUTYIbl TAKOTO CUTHaIa MPHU €To
M3MEPEHUH, SIBJISICTCS OIIEHKA, MOJy4YeHHas HA OCHOBAaHUHM MakcUMyMa (DyHKIUU
MpaBAONoA0OUs JJii CUTHAJIA CO CIydailHOM HadaiabHOW (azoi [9], mpu sToM,
JUIsl JOCTOBEPHOIO0 M3MEpeHusl TpeOyeTcs 3HaueHue curHain/mym p; = 10 gb,
Ipyu KOTOPOM CHUTHaJI MOXHO paccMaTpuBaTh Kak HeuykTyupyromwuii [8].
bonee TouHoe 3HaueHwe TpeOyeMOro COOTHOUIEHUS CHUTHAI/IIyM MpuU
U3MEPEHUU aMIUIMTYbI, JJIsi 3aJaHHOW €ro TOYHOCTH MOXKHO TIOJIyYUTb,
onupasich Ha TpeOyemble [aHHbIC MPU PAAUOJOKAIMOHHOM OOHAPYKCHUH,
MOCKOJIBKY OIICHKa TpH OOHApY>KEHUM CHUTHaja IO KPUTEPUI0 MaKCcUMyMma
anoCTepUOPHON TUIOTHOCTH €Tr0 BEPOSTHOCTH, 3KBHUBAJEHTHA C TOYHOCTHIO /10
MOCTOSIHHOTO MHOHTEJIS 3a/1a4€ U3MEPEHUs aMIUTUTY bl CUTHana [9].

B-tperbux, BO MHOTHX CiydasX, ¢ YYETOM MOJISIPU3AIMOHHON OIIMOKH,
BbI3BAHHOW YMEpPEHHBIMU OWEHUSMH ABYIYUYCHIPEIOMIICHUS M BapUalUsIMU
MOJIOBOTO TISITHA, 3ajlaya pacuyera TpeOyeMoro COOTHOIIEHHUS CUTHAI/IIyM
OJIMHOYHOTO HMMIYJIbCa, C 3aJaHHOW TOYHOCTHIO M3MEpEeHHs, Mojo0Ha 3ajade
OTpEJENICHUs] 3TOT0 TIapaMeTpa MpU PATUOIOKAIMOHHOM OOHAPY>KEHUU
GaykTyupyoomei 1eiad ¢ 3aMHpaHUSAMH CUTHala, WHXKEHEpHas METOJHKa
KoTopoii Oblma mpemioxkeHa bapronom [10]. CormacHo Hee, TpeOyemoe
COOTHOIIEHHUS ~CHTHAI/IIYM P, 34BUCHT OT TIAPAMETPOB (BEPOSTHOCTH

NpaBWIBLHOTO OOHapykeHust D u 7oxkHOM TpeBoru F ) u nmns oOHapyKeHus
MaYKyd UMITYJIECOB PACCUMTHIBAETCS Ha OCHOBE TPeOyeMOTrOo COOTHOIIEHUS IS
ogHoro wmMmmyibca p;(D,F) ¢ y4eToM HAKOIUICHHS HMITYJIbCOB W HaIHYMS
JIOTIOTHUTENBHBIX TOTEPh: (DIyKTyallMOHHBIX W UHTerpupoBaHus. [lotepu
HeKorepeHTHOro uurerpuposanust L;(p,, N) 3aBucsar kak ot p;(D,F), TaKk u oT
oOmrero yucina UMIyiascoB N ¥ B JaHHOM CiIy4dae-MaKCUMaJlbHbIE MPHU TOJTHOM
HEKOTE€PEHTHOCTU HUMITYyJIbCOB. (DIIYKTyallMOHHBIE IMOTEPU 3aBUCAT OT 4YHUCIA
HE3aBUCUMBIX 3HaueHu# curHana N, u3 obmiero yucia N B mayke, OTCTOSIINX
IpYT OT Apyra Ha uHTepBan koppensiuu T,: Lg(D,F,N,) = Lso(D,F)(dB)/N,.
Onenka (GIyKTyallUOHHBIX TOTEPh, MPHU JAOCTOBEepHOCTH H3MepeHus 95-98%
COCTAaBIIICT JJIsl XyAIIEro ciydas okoso 12 b, uto TpelyeT yke 3HaUMTeIbHON
BeJIMYMHEI p; = 22 1B[8].

B-uerBepThiXx, B 0OLIEM cly4ae CHJIBHO BBIPAXKEHHOTO JBYJIyue-
MPEJIOMIICHHS], TPUBOJISIIETO K SPKO BBIPAXKEHHON NEPUOJIMYECKON CTPYKTYype
daykTyanuii, aHajJoTHs C YKa3aHHOW 3ajadeil paauoJIOKalUd, CTAHOBUTCS
HEIOJIHOM M OCTaeTcsi KOHCTaTUPOBaTh, YTO JajbHENIIEe YBEIMUYEHUE COOTHO-
IICHUS] CUTHAI/IIYM HE YIydYllaeT TOYHOCTH H3MEPEHHS W OHA CTAaHOBUTCS
OTPaHUYCHHON TOJIBKO YHCJIOM HE3aBUCHUMBIX OTCYETOB pediekrorpamMmbl N, Ha
JUTMHE W3MEpPEHHs ¢ ydeToM OueHuid [8], mpu 3TOM, HCIOJb30BaHHE OoJjiee
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KOPOTKAX W3MEPUTENbHBIX HMITyJIIbCOB TpU  OOJbIIEM JHHAMHYECKOM
JUana3oHe CTAHOBUTCS NPEANOYTHTENbHBIM. Takke HaJo OTMETUTh YKa3aHue
Ha BO3MOXXHOCTH IMOJIyYEHHUS! OOJBIIEr0 Yucia JAEKOPPEIMPOBAHHBIX OTCUETOB
CUTHAJIa B PaJMOJOKAIMOHHONW CXE€M€ IYyTeM H3MEHEHHsI HEeCYyIIEeW 4YacTOThI
nepenatyrka [10], yTo corynacyercs ¢ paHee yNOMSHYTbIM METOJIOM U3MEHEHUS
JUTMHBI BOJIHBI JIa3epa.

[lony4yeHHble pe3ynbTaThl HAKIAJBIBAIOT OTPAHUYEHHUS Ha NapaMeTphbl
U3MEPEHUM, MO3BOJISAIOT 00JIee ONTUMAIBHO BBIOMPATh UX, a TAKXKE MO3BOJISIOT
OPUAUTH K BBIBOAY, 4TO pediaekTroMeTpsl, oOecrneunBamue OO0JbIIoe
COOTHOILIEHWE CUTHAJI/IIYM HYXHO HCIIONb30BaTh HE TOJBKO IJIsi U3MEpPEHUs
NPOTSKEHHBIX TPAcc, HO W IS TOYHOTO M3MEPEHUS MX KOPOTKUX YIaCTKOB.
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B pamkax nanHoit pa6otsl crnenuanuctamMu AO «HXUHUPUHTOBBIM
LIEHTP BOJIOKOHHOW ONTUKW» [JI1 TMOJYyYEHUS CHEIUaJIbHbBIX BOJOKOHHO-
ONTHUYECKUX 3aroTOBOK OBLI UCIIOJIB30BAH HU3KOTEMIIEPATyPHBIM METO]
mrasmoxumuueckoro ocaxaenus SPCVD (Surface Plasma Chemical Vapour
Deposition) mis moyiydeHHss CHIMKATHBIX CTEKOJ JIETHPOBAHHBIX TETpa-
dbropunom yrieposaa (CFs). JlanHbii TUITI OMHAPHOTO XUMHYECKOTO COSTUHECHHUS
UCTIOJIB3YETCS B JIAHHOM TEXHOJOTHH MpU (POPMHUPOBAHUU JACTPECCUPOBAHHOMN
CBETOOTpaKAIOIIEH 000JIOYKH.

Texnonoruss SPCVD ocHOBbIBaeTCSl Ha MPeoOpa3oBaHUU TaJOTCHUIOB
UCXOJHBIX PEAreHTOB B OKHUJbI B MHUKPOBOJHOBOM pa3psiiie MOHUKEHHOTO
naBneHusi. OCOOCHHOCTBIO TEXHOJIOTUM SIBJSIETCS HEIMOJHOE OKUCIICHHE
raJIoreHU I0B B Ta30BOM (ha3e, Tak YTO OKOHYATEIbHOE (POPMHUPOBAHHUE CTEKIIA U
€ro CTPYKTYpPhI IPOUCXOIUT JIMIIL HA ONIOPHON MOBEPXHOCTH.

Ha cerognsimauii neHb Ha Npou3BOACTBeHHOM Iuiomaake AO «MHxu-
HUPUHTOBBIM ILIEHTP BOJIOKOHHOM OINTHUKW» OCYLIECTBIAETCS IUIa3MOXUMHU-
YECKHIl CHHTE3 paJuallMOHHO-CTOMKHX OINTUYECKUX 3aroTOBOK C JIEPECH-
pOBaHHOW (TOPCHWIMKATHOW OOOJOYKONW ¥ HEJIEerHpOBAaHHOM  KBapIIeBOM
CEPJILIEBUHOM, a TaK)Ke BEIyTCsl pabOThI MO U3TOTOBJICHUIO (GKAKETHBIX» TPYO ¢
BBICOKOW KOHILIEHTpalued (QTOPUIHBIX TPynn B CTPYKTYpHOM Matpulie
KBapLIEBOTO CTEKIIA.

Taxxe Ha mpou3BojcTBeHHON Tomanke AO «HXUHUPUHTOBBIN LIEHTP
BOJIOKOHHOM ONTHUKW» OCYHIECTBIAETCS IUIA3MOXUMUYECKUN CHUHTE3 OITHU-
yeckux npepopm cocraBa SiO2/SIOF ¢ kBapueBoil CepAlEBUHOW U
GTopcuIMKaTHOW oOTpakaromiei obosoukoit. (texHomorus POVD- Plasma
Outside Vapour Deposition). B maHHO# TeXHOJOTMU Ha MOBEPXHOCTH KBap-
LIEBOI0 CTEPKHS, MPU MOMOIM HEU3O0TEPMHUUYECKOU «XoJoaHoi» BY mmazmon
MPOU3BOJIUTCS CUHTE3 aMOP(HBIX CJIOEB MHOKCHIIA KPEMHHSI, JIETUPOBAHHBIX
rekcadTopugom cepbl (SFe).

HaunbGonee mmpokoe mpuUMEHEHUE IBYXCIOWHBIE KBApIIEBBHIE CBETOBO/IBI
cocraBa SiO/SiOzF, momydeHHBIE W3 JAHHOTO THIA ONTHYECKHX 3aroTOBOK,
HAaxXOJsAT B KayeCTBE BBICOKOAMMEPTYPHOTO THOKOTO TEXHOJIOTUYECKOTO
MHCTPYMEHTa JUIsl Mepeladyd MOUIIHOTO JIa3€pPHOr0 U3IY4YEHUSI K OOBEKTY
BO3JICHCTBHSI — B MEAUWIIMHE W TPOMBINIJICHHOCTH (CBapKa, pe3ka, oOpaboTka
MeTajula U T.J.). Tak Ha3pIBaeéMble CHJIOBBIE CBETOBOJBI. JlaHHBIA THUII
«CUJIOBBIX» CBETOBOJOB TaKXe€ IOKPBIBETCA METTATUYECKUM MOKPBITHEM.
JIaHHBIM THUI CBETOBOJKOB IIPEIHA3HAYEH IS NPUMEHEHUS B YCIOBHAX
MOBBIIICHHBIX TEMIEPATYp U MEXAHUYECKHUX HArpy3okK. ['epMeTU4HO 3aKphIThIE
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ONTUYECKUE BOJIOKHA C METANTMYECKUM MOKPHITUEM MMEIOT BCE MPEUMYIIECTBA
BOJIOKOH KBapIil-kBapll. JIOTMOJHUTENBHO K A3TOMY CYIIECTBEHHBIM MPEUMY-
IIECTBOM  SIBJISIETCS, YBEJIMYEHHE MEXAaHUYECKOM MPOYHOCTH U OoJibliee
COMPOTHUBIICHUE YCTAJIIOCTU IO CPABHEHUIO C HETEPMETHUUYHBIMU U MOKPBITHIMU
MOJIMMEPOM BOJIOKHAMU. METaJNTIONOKPHIThIE CBETOBOBI MOTYT HCIIOIb30BaThCS
B cnekrpaipHoM jauamnaszoHe 200 — 2400 HM, COXpaHSAIOT ONTHYECKUE H
MEXaHMUYECKHE CBOMCTBA B TemIiepaTypHoM auanazone ot —196 °C no +750 °C u
npyu BiIaXHOCTH BIIIOTH A0 100 %. Takue cBETOBOABI ONTUMAIbHBI IJIS
HCIIOJIb30BaHUS B BBICOKOM BaKyyMe.
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PA3PABOTKA COCTABOB AKPUJIATHBIX ITOKPHITUN KBAPIIEBBIX
BOJIOKOH JIS1 AO «OIITUKOBOJIOKOHHBIE CUCTEMbI»

T.B. Boakosa!, C.I'. Kocrprokos!, M.B. Bypankun®
L Mopooeckuii zocyoapcmeennviti ynueepcumem um. H.IT. Ozapésa, Capanck
2 AO «Onmuxosonokonnwvle cucmemviy, Capanck
E-mail: sendboxvv@mail.ru

B Hacrosiiiee Bpemsi 0OTBEpIK1aeMbie IO JEHCTBUEM YIbTPApHUOIETOBOTO
(Y®) uznydeHuss akpuioBbIE€ MOJHUMEpPHI (aKpuiaaThl) M KOMIIO3UTHI Ha HX
OCHOBE TOJIYUWJIM IIUPOKOE PACHPOCTPAHEHHE B CAMBIX Pa3IMUHBIX cdepax
KUZHEJEITEIbHOCTH  NPU  MPOU3BOJCTBE  OTIEJIOYHBIX,  YIAKOBOYHBIX,
U30JUPYIONIUX, 3alUTHBIX MaTEepPUaOB U MOKPHITUM, B TOM YHCJIE CIIOCOOHBIX
AKCIUTyaTUPOBAThCA B OKCTPEMAJbHBIX YCJIOBUAX, W JAp. B wyacTtHOCTH,
Onarogapss HaJU4YUI0 HEOOXOIUMBIX (DUBUKO-XUMUYECKUX CBOMCTB Y-
OTBEPKJCHHBIE  (POTOMOIMMEPHBIE KOMIIO3UTHl HAa OCHOBE AaKpUJIATOB
NPUMEHSIOTCS B KadeCTBE 3allUTHBIX O00OJOYEK KBaplIeBOW CEepAIICBUHBI
ONTOBOJIOKOHHOTO Kabens [1, 2].

Jnsi monmydyeHusT KadyeCTBEHHBIX Y D-O0TBEpP)KICHHBIX MEPBUYHOTO U
BTOPUYHOIO  TOKPBITUM, COOTBETCTBYIOIIMX  MPEABABISIEMbIM K  HUM
TpeOOBaHUSAM, 3aJaHHOW TONIIMHBI HEOOXOJUMO YUYWUTHIBATH MHOXECTBO
¢dakTopoB. K HX YMCIIy OTHOCAT HWCXOJHBIM XUMHUYECKHH COCTaB JKHJIKOMN
AKPUJIATHOM KOMIIO3UIUM, TEXHOJOTHYECKHUE YCIIOBUS HAHECEHUS] MOKPBITHS,
VCMOJIb3YEMBI TUIT UCTOYHUKA Y D-U3IydYeHHsS, CKOPOCTh IMOJUMEPHU3AIUHN U
ap. [3-5]. IIpu 3TOM CleayeT OTMETUTh, UTO MCIIOJIb3YEMbIE B HACTOSIIIEE BPEMS
Ha MPOM3BOACTBE ONTOBOJOKHA B AO «ONTHUKOBOJIOKOHHBIE CHUCTEMBD» Y D-
OTBEPKIAEMbIE KOMIIO3UThl HA OCHOBE AKPWJIATOB SIBJIISIFOTCA MMIIOPTHBIMHU. B
COOTBETCTBHUH C ITHM aKTyaJIbHBIM SBJISIETCS pa3pad0TKa COCTABOB aKPHIATHBIX
MTOKPBITUIA OTEYECTBEHHOI'O ITPOM3BOJICTBA.

B mHacrosmeir pabore ¢ wucnons3oBanuem MerogoB MK u  AMP-
CIIEKTPOCKONMUHU ONPEIECIICHBI OCHOBHBIE 3JIEMEHTBI XMMHUYECKOTO cocTtaBa Y d-
OTBEpKJIaeMbIX (pTyTHbIMU Jamnamu, LED) axkpuiaTHbIX KOMIIO3UTOB U
MPOBEAECH JKCIEPUMEHT M0 CO3JIaHUI0 aHAJIOra aKpWIaTHOTO TOKPBITHS Ha
OCHOBE 3KCIIEPUMEHTAJIBHO MOJYYCHHBIX JaHHBIX.

1. S. Schmid, A. Toussaint, Specialty Optical Fibers Handbook by T. F.
Morse, Alexis Mendez (eds), 2011.

2. A.A. T'yrenes, 0.0. babkun, M.IO. BnacoB u np., Jlakokpacounsie
MaTepuaibl U ux npuMmenenue. 4, 33 (2020).

3. Han do Kim, Seung Gu Kang, Chang Sik Ha, Journal of Applied
Polymer Science. 46, 1339 (1992).

4. 0.0. babkun, JI.A. babkuna, A.B. Apa6eii, U. bupkc, Jlakokpacounsie
MaTepuaibl U ux npuMenenue. 3, 8 (2016).

5. Feyza Karasu, Celine Croutxe-Barghorn, Xavier Allonas, et al., Journal
of polymer science A. 52, 3597 (2014).
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SYNTHESIS OF OPTICAL FREEFORMS WITH A MODIFIED
RAY-MAPPING METHOD FOR IMAGING OPTICS APPLICATIONS

A.O. Voznesenskaya, Y.V. Terlo, A.V. Bakholdin
ITMO University, St. Petersburg
E-mail: voznesenskaya@itmo.ru

Modern technologies for the development of industrial photonics systems
require achieving the diffraction quality of the formed image and at the same
time ensuring the compactness of optical interfaces by minimizing the number
of components. The use of a new component base based on freeform optics
makes it possible to satisfy these requirements. It should be noted that the
application of freeform optics has expanded significantly in the last decade,
thanks to the emergence of a wide range of high-quality optical polymers, high-
precision equipment for forming complex surface profiles, the development of
mathematical tools and the improvement of computing capacity.

As a result of studying methods for the synthesis of freeform optics, it was
revealed that most of them are intended for the development of lighting systems
and do not take into account image quality criteria [1]. In particular, a nontrivial
task of mathematical modeling of freeform optics is the correct description of
the transformation of the input and output wavefronts while observing the
permissible distortions described by the wave aberration function, as well as
taking into account a significant number of restrictions associated with the
geometric parameters of freeform optical surfaces [2]. In addition, for such
inverse methods of optics calculation, a particular difficulty lies in determining
the “starting point” of an optical system.

Modification of the ray-mapping method made it possible to develop
algorithms for calculating freeform optics for imaging applications. The
proposed approach is based on the conjugation of congruence of the input and
output wavefronts, inverse ray tracing, determining a set of points of the desired
freeform surface, its subsequent approximation and verification [2,3].

The paper presents developed calculation algorithms and modeling results
for refractive and mirror freeform optics for space systems, collimators and
augmented reality devices, and also shows the most effective ways to describe
the resulting freeform surfaces and their subsequent integration into standard
software tools.

1. J.P. Rolland, M.A. Davies, T.J. Suleski, et al., Optica. 8. 161-176 (2021).

2. Y.V. Mazur, A.O. Voznesenskaya, J. Opt. Technol. 89. 89-93 (2022).
3. Y.V. Terlo, A.O. Voznesenskaya, J. Opt. Technol. 90, 242-248 (2023).
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DEVELOPMENT OF ACRYLATE COATINGS COMPOSITIONS
OF QUARTZ FIBERS FOR JSC «OPTIC FIBER SYSTEMS»

T.V. Volkova?!, S.G. Kostryukov!, M.V. Buralkin?
! National Research Ogarev Mordovia State University, Saransk
2 JSC «Optic fiber Systemsy», Russia
E-mail: sendboxvv@mail.ru

Currently, acrylic polymers (acrylates) and composites based on them,
cured under the influence of ultraviolet (UV) radiation, are widely used in
various spheres of life in the production of finishing, packaging, insulating,
protective materials and coatings, including those capable of operation in
extreme conditions, etc. In particular, due to the presence of the necessary
physicochemical properties, UV-cured photopolymer composites based on
acrylates are used as protective sheaths for the quartz core of fiber optic cables
[1, 2].

To obtain high-quality UV-cured primary and secondary coatings that
meet the requirements for them and a given thickness, many factors must be
taken into account. These include the initial chemical composition of the liquid
acrylate composition, technological conditions for applying the coating, the type
of UV radiation source used, the polymerization rate, etc. [3-5]. It should be
noted that the UV-curable acrylate-based composites currently used in the
production of optical fibers at JSC Optical Fiber Systems are imported. In
accordance with this, the development of domestically produced acrylate coating
compositions is relevant.

In this work, using IR and NMR spectroscopy methods, the main elements
of the chemical composition of UV-curable (mercury lamps, LED) acrylate
composites were determined and an experiment was conducted to create an
analogue of an acrylate coating based on experimental data.

1. S. Schmid, A. Toussaint, Specialty Optical Fibers Handbook by T. F.
Morse, Alexis Mendez (eds), 2011.

2. A.A. Gutenev, O.E. Babkin, M.Yu. Vlasov, O.S. Aikasheva, Paints and
varnishes and their application. 4, 33 (2020).

3. Han do Kim, Seung Gu Kang, Chang Sik Ha, Journal of Applied
Polymer Science. 46, 1339 (1992).

4. O.E. Babkin, L.A. Babkina, A.V. Arabei, I. Birx, Paints and varnishes
and their application. 3, 8 (2016).

5. Feyza Karasu, Celine Croutxe-Barghorn, Xavier Allonas, Leendert G.J.
Van Der Ven, Journal of polymer science A. 52, 3597 (2014).
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